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>*Ht} a mode} ft f hit na^eou- A<loellf, ttudenti iiu4f tnchtri 
well es fceoJii In ultnce tome of the most Impenont 
irn/ngt con test be oehfeYeit through the teud/ of lAc ttothee 
It} the medel he prttentt 

If the teacher It of tuch central importance In iclence 
fucoClon, then teacher education It of critical im^artoncc- Mot 
ilf matt the tefence teocher Itno# tclenee In the sente that Ae 
llieroit In ttitnce ond ktto/f the opiroUsnaS meening of 
npofWnt science cencep»^ the teocher must olio serve oi a 
lodelfarhlt vudentt Ihls meant that he mutt teach In a 
■Of that It eonililent with the nature o} teience If tclenee u 
form of In^ultf, ihen science teaching must he cansUCent with 
his mode of Inquiry ond a central function of teacher edocei/an 
iheuld be tohelp future teoche/t sene at such models- Methods 
>fteaehlng then take on a mere profound tlgnlficnnte. It Is 
largely through the rafletjr of methods of teoch/n; thof the able 
telenet teacher uses that he conveys some ef (he most Imperiont 
learnings In science- 

The papers Included in this book were used in the Institutes 
on Science Methods at the Regional College of Education ot 
Ajmer In the summer of I9h? os well os ot Regional College 
of Education, Bbubanashwar In the Surnmer of I9S8. Hopefully, 
the materials will be of value In teacher education In science. 
Future teachers may wish to poirder many of the Ideos 
discussed In this volume. The book should oho be on Important 
resource to teachers as they work with young students. It con 
he used os a resource to which they con occotfono/ly turn for 
fresh Ideos end Intellectual support 

Willard J. Jscobson 
Chairman, Department of 
Science Education 
Teachers College 
Columblo University 
New rotk.N. Y. U.SA. 
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tiudcd icime good f>ariii:i|ants of tlie previous tnJiiwic at 
jubnejlmar ) and lomc eapcriencrd icicnce teachers of 
hoot. Tlic academic dtictissiofls between the traininy collcyc 
achers and the scliool teachers together witj* t)ie resource 
Jisoni and the consultant, Dr. Jacobson was very effective, 
ortunatcly academic mcrobenof the Institute possessed not 
nly varied experience in (caching bnt also had personal 
xperjence of the educational systems of U.S SR, USA. 
t England. The college has been the originator of two 
mportant programmes namely; 'The Mobile Science show* 
md 'Activities of Science Club Sponsors’, All these 
.*xp«rienee9 resulted in having a successful institute 

Objcctlres of tlie Institute 

( i ) to ramilUrize the participants with recent trends in 
science (caching and their implications 

( ii ) to examine critically the philosophy and psychology 
of instruction of science, that is, integration of 
matter and method in day to day classroom teaching- 

(iii) to attempt to develop a commonly agreed science 
method syllabus for use in the training of science 
teachers; and 

( iv) to focus attention on the channel of communications 
betsrten school and training colleges, and thereby 
to promote a better understanding and appreciation 
of each othci ’s teaching problems. 

Why this book ? 

This is an important <iucstion to antwer. There arc 
several reasons for it. 



( 1 J There is not a single book produced ■ in India 
which deals with the diflerent aspects of science 
education. This book will Stimulate thinking in 
this neglected area. 

{2) Current literature on method* of teaching science is 
inadequate. This book may satisfy the needs 
of the B. Ed. science students as well as the needs 
of the person, interested in scientt education. 

( 3 ) It is not the work of a single author to write such 
a book. The present publication discusses both 
eatensivtly and intenshtly some current topics in 
Science Education. U attempts to give academic 
and practical wisdom in the solution of some 
problems. 

(4) At one place, it attempts to add considerably to 
the body of literature at present available on science 
Education within the limits of our knowledge 

(5) Taking an overall view, u continuously reminds us 
in the context of a frame work not only about the 
need but also the kind of path wc have to take 
in upgrading science education in the country as 
judged by (he international standards. 

This book is divided into three part. Part first 
presents some basic eonsideraiions needed in the teaching 
of science, namely, reUtionsbip of science teaching to 
economic growth; outcemes of science education; role of 
methods; psychological coRsideratioas; evaluation in science 
and research in science education. In part two, trends la 
Science education {with particular reference to U.S A., 
U.S.S.E..,,U..K.., India.!, are. gjjKoi., 



In part three science in the classroom is discussed. 
Intentionally appendices arcs Deluded which give idea about 
soviet education on which literature Is not available very 
easily. 

It is our hope that the material presented in thi# booh 
will be received warmly by the workers in the field. 

Deficiencies if any, along svith the suggestion* for 
improvement will be highly appreciated by us. VVe are 
definitely aware of our limitations in a venture of this type* 

Some of the material presemed in this book has b«n 
taken from the Institute held at Shubneshwar in 1968> 

We shall be failing in our duties if we do not acknow* 
ledgde rhe immense help tve received in conducting the 
Institute from Dr. Marjorie H. Gardner, Chairman of >he 
Science Teaching Centre at the University of Maryland t''ho 
worked as consultant at Dhubneshwar. Dr. Wtliard J* 
Jacobson, Chairman of the Department of Science Education, 
Teachers College, Columbia University who xvorked a* 
consultant at Ajmer Mr. M. K. Gupta and Mr. S. B. Singh 
all from Regional College of Education, who worked as 
resource persons at Ajmer, Dr. K. S. Rao, Regional Coll«g* 
of Education, who worked as resource person at Dhubneshwar. 

Thanks are also doe to Dr. R. C. Dass, Principal, 
Regional College of Education, Bhubcncsltwar and Mr. f*-I^* 
Sharma, Principal, Regional College of Education, Ajottf 
respectively. 

IVc are specially grateful to Mr. M. K. Gupta, and 
Mr. S. B. Singh for giting a shape to the work done in the 
Taititatcs in the form of this publkatJon. In a Look ®f 
ihU nature the work of many persons it merged. Naturally, 
edijon are IrdeLted to tlrf contrib-jUtig authon. 


Lastly our thanla are due to aM the participants of 
Oie Institute svith whom we had interesdng discussion, who 
took keen interest tn the institute programme. 

A> N. Bote 

March, 1970 J. K. SoocJ 

N. Vaidj* 
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l:«l(iration anJ lln» <p}rff ol Sfianfc 

In the iwjJern the Approach of rational inquiry 
the mode of thought which underlicj icience and technology 
i» iptendinB rapidly and, in the proccjt; is changing the 
world in profound wayi......^The spirit of rational inquiryi 

driven hy a belief in its eflicacy and by rrsilrss euriocity, 
is ...commonly called the spirit <'f science. 

The tena science i* .•’ccur.tto but inadequate. It does 
not do justice to the fact that this mode of thought related 
also to questions mm usually ask end answer for reasons 
which they think are totally non>sciemific, religious, aesthetici 
huRianistie, literary. The spirit of science infuses many 
forms of scholarship besides science itself. 

This statement attempts to deSne the spirit of science 
and to relate it to education. We believe that a greater 
awareness of that spirit would lead educators to assign to 
it a larger and more explicit place among the many goals 
of education. 

The world-wide pursuit and spread of science and 
technology arc commonly recognised. There is less recogni- 
tion that the values and modes c.f thought which underlies 
science and technology also are becoming pervasive in the 
world. Yet these values and associated modes of thought 
may in the long run be more important to mankind and to 
education than the vbiblc fruits of scientific and tcchnologi- 

caf pursuits. science and twJmoJc®y on the one hand 

arouse the expectation of a better way of life to give promise 
of material satisfactions, and bold forth greater responsibi- 



lilies for the deve!op:nent of human potentialities They give 
rise to a genuine optimism and excitement. But they also 

give rise to anxiety to a gnawing apprehension of man's 

alleged loss of personal freedom, oS cettUude, of psychological 
security, of identity. 

.aware of the appreheniioiu aroused by the 

penetration of the scientific spirit, we conclude that the 
hopes it offers so greatly outweighs the drawbacks as to 
justify a major recommendation : that a general worldwide 
fostering of the spirit of science is Wise. This conclusion 
has implications for American foreign policy. 

Becommendstiaas 


The schools should try to realize the great opportuni- 
ties which the development of science has made apparent in 
the world. They can do this by promoting understanding 
of the values on which scieoce is everywhere based. Al- 
though no particular scientist may fully exemplify all these 
values that characterize the enterprise of Kicnce as a whole. 


1 . Longing to know and to understand. 


2. Qiiestloning of all things. 

3. Search for data and thrir meaning. 

4. Demand for verification. 


5. Respect for logic. 


v/ 


6. Consideration of prcDilses. 


7. Consideration of cORseQuenccs. 


.These values are part and parcel of any 

true education . These are ehamcteristic not only of what 
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fntific enferptiic,** pet cuinple, atihouRh we have 
im«J hoiif the notritlona) deficiency djieatc kvashhrkor 
n be pmented, the problem Jf not lolved as long as large 
imbers of people are not aware of this knowledge or of 
3W to use it. Hus is largely an educatioruit task. Sitni< 
riy, scientlstt and engineers are d^rendent upon education, 
he scientist or engineer who does not educate himself and 
ihers is threatened with obsolescence. Wthout continuing 
iucation he may find himself out of the mainstream of his 
eld and floating in a stagnant poo) going nowhere. Of 
ourse the education of netr scientists and engineers is of 
titlcal importance for the development of the scientific 
mierprise and for the economic growth of a nation and 
-egion. T?ie educational dimensi on of the scientific enter- 
prise is the ^ only at-enuc through which there can be a 
constant in fusion of n ew, young blood arid fresh, invigorat- 
ing ideas. In nny programme to develop the scientific 
enterpriw in a" nation or region the critiea) importance of 
education must be recognised. ~ 

SclcDce Tcacbltg for EcodocdIc Crowlb 


The ingredients of economic growth are fairly well* 
known. Among the ingredients are : natural resources, skills 
and knotV'how, energy and ingenuity of people, the capital 
necessary to develop the technology to make the optimum 
* use of skills and energy, and some reasonable relationship 
between natural resources and »bc )iuman population that 
must exist on those natural resource]^ Apparently, all of 
these ingredients must be present. The lack of one ingre- 
dient may be a serious limiting factor to economic growth. 

, There are, for example, maiioos that arc compatatively rich 
^in natural resources and yet have achieved very little eco- 
nomic growth. There are otlier nations svho seem to have 
all the ingicdietits, but the overwhelming pressure of a large 
-and growing population holds down the standard of living- 
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tn many cases inadequate educational programmes inbibi 
growth. 

One of the important steps in planning pTOgTanunes t 
education is to analyze the economy of a nation or region t 
determine the factors that are limiting the rale of economi 
growth. Are the limiting factors unwise use of nature 
r«ources, antiquated technology, or serious public healt 
problems? Usually, expert help is^needed in this analysis, an 
there should be rto hesiiency to use the knowledge and ins 
ghts of economists, agriculturists, engineers, public healt 
specialists and other experts. Since an improtant dimensio 
of many of the ingredients for economic growth is educatioi 
the education programme should be planned so that it wi 
contribute to the removal or diminution of factors lirnttin 
economic growth- 

CfTcetiv-e programmes of science education are essential f< 
optimum economic growth. The remabder of this paper 
devoted to a discussion, with examples, of tome of the contr 
buttons that can be made to economic growth through scteoi 
teaching. The examples used to iJIustrate these potenti 
contributions are drawn from experience in several regio: 
of the world. 

Mlsc use cf eatiirai moorre* Among the natur 
resources that can be used for economic growth are sc 
fresh water, rocks and minerals, fueli, water pcns'cr, sol 
rn^rg^'t animal and plant life, the oceans, scenb Undscap 
and the energy- and isgenutty of the humaa papulailc 
Considerable insight and Inow^how U needed to make t 
optimum use ef these roourcev 

la titc vast region stretching from the .Atlantic Ot* 
thrwigh. North Africa, tisc hUddle East, large pans ef Ser. 


monioon rt^ion* of the sabco<i(inen< of India, One of th 
major limiting factori to economic growth h the Ueic o 
vater. It is essentia] that the nature of various jourcea o 
vater be understood and that the wbesi j>o«jbJe use be jnad« 
of the available water. 

The iludentt in one adioot in South /ViU 
made a study of the available ground water luppllea 
and learned some of the precautions that should be 
taken in using ground water. The school was Joca* 
ted in a mountain valley. Considerable amounts of 
snow fell on the mountain peaks during the winter 
and, as the snow tncUcd, some of the water filtered 
into the ground lo become part of the ground water 
supply. 


The studems made a study of the lluetuations 
of the level of the ground water table throughout the 
>ear. The level of the water table may be defined as 
the level to which water will rise in a dug well. There 
were sevrra] such wells near the school and thestudenu 
devised ways of easily measuring the Jieight of the 
water in these welU. From their mcasurenicntj they 
developed giaph*. From these graplu they could 
;;et some indication of theebanges that takeplace in the 
ground svafersupplyin that valley throughout the year. 
On the practical side they could use the graphs (o 
determine the best time for digging new wells. In 
fact, one of the projects they undertook svas the digg- 
ing of a nciv n-eij to provide water for the irrigation 
of their school garden. They U'ere puailed by the 
considerable diiTerence in die height of the water 
table in two of the wells that they studied. As in 
more sophisticated sdentific research, among the 
most important products are unanswered questions 
(hat require further research. 

These students abo learned how to use gro- 
und water safely. They studied the efiects of filtering 
water through soil and learned that this is one of 


tlie tbat water can he made sale for human 
use. They learned how water-tight covers and casings 
could be made fia welts so that they could be certahv 
that all of the water that was drawn from the well 
had actually been filtered through a considerable 
amount of soil. These were important understand* 
ingt because in this region wcUs could be among 
the safest sources of drinking water. 

The ways to make the wisest use of soil tesourccs va 
greatly from region to region. In regions where th 
is considerable rainfall, there is a tendency for basic i 
materials, which tend to be quite soluble in water, to 
leached out of the upper soil horizons leaving the soil cc 
paratit'ely acid. For the optimum use of these soils, lime 
other basic materials often must be added to reduce 
soil acidity, in these i^icms it is also important to red 
the amount of topsoil that is washed off by the tunr 
water. In acid regions, howeser, the soluble alkaline m: 
rials tend to be brought to the surface of the soil by 
capillary rise of ground water. At the surface the w> 
evaporates leaving such alLalbe malrrlals as gypsum 
salt at the surface. If the acid land is to be irrigated, i 
alkaline material has to be leached out of the soil 
drained. 

A great river valley was being de\-cloped. 
Fresh water &G>m the melting snows in the mouatains 
was being stored Inagreat reservoir at the headwaters 
of the river. The dam prevented floods in spring 
and provided water for parched lands during the dry 
months of summer. With water there were hopes 
that the desert would bloom with grass and grain, 
cotton and sugar beets. 

The desert land was alkaline, and the alka 
line soil materials would have to be-- rcmos'^TZjr< 
do this, deep dramage ditches wtmidug, !^d larj 
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<iuant)t(£s o/ water ^vere pour«i onto the land and 
allowed to seep dovm through Ac soil. The alkaline 
matetials dissolved in the water, and the salty water 
seeped into Ae drainage ditches to be carried off into 
the ritier. U’/icn enough of Ae alkaline matcriat 
had been leciched away, crops could be grown. 


l!owe\<r, w-a ter Jiad alway been a precious com- 
modity in that region, and to some of the farmers it 
seemed a pity to have precious water carried away 
from thrir land. They dammed the irrigation ditches 
and put the salty water Iwck on the land 


Tlte children in one of the scltools in the region 
made a study of (his leaching and drainage process, 
Tlsey studied a map of the valley showing the loca* 
tions of the irrigation canals and drainage ditches 
and heard explarutions of how the valley mtb were 
to be made suitable for agrieulture. They collected 
samples of water from ibe trrigatiou canal and from 
one of the drainage ditches, evaporating the water, 
and compared the aoiouac of salts remaining from 
each sample. They filled sescml flower pots with 
leaclted and unleached soih They planted varioui 
kinds eferop plants in the flower pots and imdi'd 
theirgrowfh. They also found farmers who wcretryinj 
to grow crops on both leached and uitteached soil 
and were able' to compare the pUnu gro^■.-n on each 
ef t}.c plots. Through these kinds of aciivitifS, the 
chiidresi ga ined a better understasiding of the processes 
that weie being used to rule better use of l*ic soil 
resources in their salley. 


la some regiem of the w«Jd eroftcmic growth is 
Isuied by a Uek of fisi and other •ouieei of energy. For- 
sssatriy, many cf these rs^iees are Ideally located frr the 
i-Ihriticts of solar cKergy. Tl^ are la the low UdeaJes 
■ tie solar energy rece i ve d per irsll area is cestaparatwefy 


jargc'and there are few clouds to reduce the amount of si 
light that reaches the surface. Solar energy is of limii 
Iralue industrially because to get substantial amounts of enei 
fit has to be colIcGtcd from a very large area. Howev 
jsolar energy can be used to heat water, coolt foods, h 
Ihomes, and, in general, raise the quality of living in a hoi 


Children and young people liavc made and 
studied various devices for the collection and utili- 
zation of solar energy. One group of smdems cons- 
tmcied a small solar hot water heater unlizing the 
greenhouse effect, the ability of dark objects to ab- 
sorb solar radiation, and the convection effect when 
a fluid such as water is heated. Groups of children 
have built solar energy reflectors out of laetal foil and 
used the reflector* to warm food. Of course, many 
a youngster has used convex lenses to concentrate 
solar energy upon a point and. in some cases, to start 
fires. 


The study of solar energy and how it can be uti- 
lized brings the student into contact with tome of 
our most important scientific principles. Among the 
teieotifle principles that the student may use are: 


The greenhouse effect 

Absorption of energy by dark coloured objects 
Refraction of light by tenses 
Reflection of light by mirrors 
Selective transnussion of solar energy through 
the earth** atmosphere 

Energy transmission by radiation, conduction 
and convection 
Photceyuthesis 

Latitude and amount of solar energy rectived 


There am many who suggest that such principles 
can be taught through the consideration of a topic 
such as solar energy that the students recognise as 
bemg of value to them (2). 


^ lUtUbf tWtiff Not only ft good hcafih eiscntial for 
the tvell-bcing of the IndividtuI, but it I» abo iwcestary for 
the social and economic growth of a nation or region. Any- 
one who has suflered from Uie alternating chilli and fever of 
malaria and has felt Ms energy stripped avray by this wides- 
pread diieaie can appreciate how the vitality' of entire nations 
and regions can be tapped by disease. Pellagra, hwashlorkor, 
dysentery, yaws, typhoid fever, bllhania, and tubcrcnlosis 
arc among the many dtieascs that sap the strength and 
energy of individuals and leave littie left for groivth and 
development Any duninution of these poxes and pestilence 
will release energy and drive needed for economic growth. 

Education, and particularly science education, is 
essential for the control and reduction of disease, hfany 
diseases are carried by various vectors such as the tnosquieoes 
and flies. It is essential for the individual to knoyv how 
these diseases are spread, some details of the life eyelet of 
the insect vectert, and the points in the life cycles where the 
insects arc amenable to control. Similarly, functional 
diseases arc ofien due to ignorance, hfalnutrition, for 
example, is often found in places where the necessary nutri- 
ents arc avaiUhle, but ignorance may keep them away from 
those who arc in need. 

Those who plan science programmes should inform them- 
selves of the health situation in their regions. What comm- 
unicable diseases are common ? What are the major causes 
ofdcatli? What health measures should be undertaken by 
the individual and the public ? What environmental factors 
lead to poor health ? How can they be corrected ? With 
ansive/9 to qucstioas such aa tbeae^ the science educator can 
plan science programmes that ‘'make a difference." 

In regions of Central America and Panama 
there are very serious health problems, particularly 


among the children. Until recently, among the 
Indian and I.adino populations "Every year about 
1 70 in c\cry 1,000 in the age group from one to 
five >ears die." Many of these deaths are directly 
or indirectly due to the proietn-dcficiency disease 
knashiorkor. There is no accounting of the loss in 
energy and vitality due to this disease. 

In this region, kavrshioikor is due to a lack 
of two amino acids, trytophan and lysine, in the 
diet commonly eaten by young children after wean- 
ing. Ordinarily, these amino acids are obtained 
largely from animal proteins. These animal proteins 
arc often available in the home and are eaten by 
older members of the family, but for a variety of 
reasons, includuig ignorance, they are often not given 
to young children. 

Kwashiorkor has been subjected to iotensive 
research for a cumber of years. Its causea, efTects, 
trtatTsvent and methods of prevention ere knoviit, 
and a teUUvely iaeipensive food (Incaparlna) using 
indigenous food materials has been developed which 
will supply the needed amino acids. Now, however, 
the results of these efforts must be made available 
to the people throughout the region. 

v.^s is the case in most effective public edu- 
cation programmes, a wide variety of approaches 
needs to be used. Child care clinics and agricultural 
extension services have been iaitiated; radio and 
television programmes have been planned; films have 
been made; resource materials fort tcacben have been 
prepared; and an exccUent set of children’s books 
related to nutrition has been written. An inagmativc 
programmes of in.eervicc education for teachers and 
educational leaders has been planned. It has been 
reported that the annual child death rate has been 
reduced from 170 to about 70. This is heartening 
progress, but obviously much more needs to be 
done (3). 



Earth has been increasing at a rapid rate for the last 300- 
400 years. It is estimated that the earth’s population in 
1962\vas3.l billion and that it was increasing at a rate 


of 2. 1% per year. To add to the complexity of the problem, 
a large fra ction oT-ihe eayth*« p npiilatinn ji located In regions 
that have relatively few natural resources and tbereJore 
have camparativejy limttrd potentials for economic growth. 


If \\'e are to have satisfactory standards of iivtngi it 
is becoming apparent that we must find some way to control 
population growth. As with other problems of this nature, 
a variety d approaches must be used. Certainly, one app- 
roach that can be used in science education is to help yaung 
people to gain a better understanding of the processes of 
reproduction and the scientific bases for various methods of 
reproduction control. 


At Teacher* College, Columbia University some 
prototype materials related to the population prob- 
lem arc being developed for use »n secondaty whooli 
and particularly in secondary schools that prepare 
primary school teachers. These materials ore not 
intended to give explicit iiulnrctions in method of 
control of reproduction. Initead, they arc designed 
to provide background Informaiion that will help 
the student to gain a better undersunding of the 
processes of reprodution and the point* at which 
they can be controlled. 

Reproduction i* anafyred in term* of erillcal 
3'ctts- The critical suges are those pointi in the 
reprodoetive process where accidentt or purposive 
Ictcriviuion may prevent reproduction for tn- 
mple, a critisai stage sa the reptoduct'on of follower ir.g 
pluts Is in the trawfrr of pollen fi-oct » sUruen 
to a patil (often of another plant). If lh& tramfor 
docs CM tale pf^-y the a-xaa! reprodurticn ofthtt 

lei 



plant does not take place. Onr mtdiods of controUin3 
reprodaction usually involve hrtervcirtion at,one of 
the critical stages. 

In the prototype materials, the sexual lepto- 
duction of three organisms is analysed : flowering 
plants, the frog, and man. In each case the critical 
stages arc identified. This backgiound information 
should help students to a better understanding of 
various approaches to birth control. It is hoped that 
tliese prototype materials can serve as a basis for 
the development of instructional materials in biology 
that can be tried out in schools. 


and undenttwdlHgs A middle-aged man with 
a wife and several children -was ironing with an electric 
iron. Unfonunately, it had just rained, and he w’as stand* 
ing in a pool of water. His bands made contact with the 
ends of the extension cord. The electric current passed 
through his body, and be was instantly electrocuted An 
undertunding of some of the basic principles of electricity 
would have prevented this death. 


Ever since the mine baa been opened, the powdered 
coal has been pulled out of the mine by either donkeys or 
the miners themselves. Now, a winch had been provided that 
was powered by a gasoline engine. But how do you start 
and cpperaie a gasoline engine ? The answer is simple, 
“Follow the directions printed on a metal plate fastened 
onto the engine," But, in order to follow the directions it 
is necessary to be able to mad them. In this case, it was 
even more difficult because the directions were in a foreign 
language, and the use of the new winch had to await the 
affival of someone who could read the directions and ins- 
some of the workers as to how to operate the gasoline 
yT TOgine. l itera cy, s omttimea lit eracy in a foreign language, 
is often essential for economic devcloptmeni. 


[11 


The amount ot soil that will bo cartica away by 
running water ir dependent upon, among other factort. the 
velocity of water. One of the twiyr to prevent roil erm.on 
ir to rlow the downhill How of water. Among tome of rte 
pcopicr of northern Europe it war a mark of rkill and a rign 
of good farming to be able to "plow a straight furrow. n 
some eases tile straight fortmvs might go up and down a 
hilhidc. It is possible to plosv in this svay without great 
damage in regions where the rain only falls in a light dn 

eele. However, if these paKe.n. of farming are ttaniferrea 

to regions where there are torrential rainstorms, ditches an 
huge gullies may be quickly formed and good farm land 
may soon be ruined. In many regions it is essentia a 
our children and young people gain an operational under- 
standing of the scientific principles on which sod coserv 
it based. 

It is possible to double, triple, or even quadruple 
agricultural production through ihe use of hybrid see ■ 
However, the development ol itrains of vations “ 

animal, the. will thrive unde, varioo. elim.l.e and eeo^ 
cal conditions requires skill, and onderstandmg. «fa«ty 
sophisdeared order. A. one level, someone must u^ern^d 

some of the basic principles of genetics an , 

seta dre strains, carry our .he and plan for die pm 
erion of hybrid seed.. O.her, mur. have .he .eehota 
skills needed to control the crossing of various ^ 

farmer who ores hybrid serd. mus. have some 
of die, r natnret at .he very leas, he mur. unders.and di.t 

is no. wise .0 use .he reed, from hybrid plan., for f.u™ 

plantings. 

t Economic grm.U. reqnta d». 

develop sdenrihe skills and ,„io„. 

understanding! that have beendwcoued ar y 
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of the many that are neet^cd. Anyone attempting to make a 
complete list would face a formidable last. 

Ill most cases it is probably not desirable to try to 
deselop, in school, the spedfic sUHs needed in an industry. 
Usually, this can be done more dfcclively on the job. How- 
ever, it is essential that the students in our schools master 
the broad principles of science on which most developing 
economies ate has«d. for esiampte, it is probably not 
elRclcnt to try lo teach in school the skills that a technician 
needs to install and mainuin telephone systems Instead, 
the future technician should be taught the basic principles 
of electricity on which all telephone systems are based. An 
understanding of these basic principles is essential in many 
other occupations and professions. 

CoDtinulag edaeaiiott Change is talcing place at an 
unprecedented rate in science, technology, and education. 
Too often, the initial reaction of individuals to change is 
resistance. In some way we must help our students to make 
the most of change. Hew developments should be investigated 
and analyzed, and those that hold promise for improving 
our lot should be tried. In a sense tve should educate our 
students to seek to cominue ibeir education throughout their 


Strains of ticc have been developed that give 
2-3 times as large yields as those that have been 
traditionally planted. Although this would seem to 
be the kind of development that would be eagerly 
sought by ticc fannen everywhere, it has reportedly 
been very difficult to achieve widespread acceptance 
of this new kind of rke. Apparently, one of the 
obstacles to be overcome i$ simply that of infoiming 
farmers that Oils new kind of rice is available. The 
task would be much easier if these farmers had had 
an education whkh stressed openmindedness and the 
search for new ami better ways of doing things. 
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The incidence of many diseases can be reduced 
greatly by simple precautions. The debilitating 
effects of hookworm, as well as several other diseases 
can be largely prevented by providing simple facilities 
for disposing of human excreta. Sometimes, badly 
needed nutrients may be obtained from plants that 
can easily be grosvn tn borne gardens If we can 
educate a generation Oust will be open to ideas, 
amenable to change, and will seek belter s\'ays of 
doln^ things, we shall have helped develop conditions 
which will make it possible to speed up the rate of 
change. 

It will be especialiy important tiiat education partake 
of continuing education. Kew technology and new teaching 
materials will become available at an Increasingly rapid 
rate, and it is essential that educators make the optimum 
use of them. 

We have not made optimum use of radio. 
Kadio is especially important as a way of reaching 
people who have not acquired minimum literacy 
skills. Television has similar potentials. Television 
may be of special importance in regions that have 
extreme shortages of compcteoi teachers. Television 
may be a way of spreading the talents of a small 
teaching corps over a larger population. 

Programmed instruction is of special value to 
highly motivated individuals who >«ih to prepare 
themselves io special fields. Students may use 
programmes to prepare themselves in areas where 
other kinds of instruction may not be available. 

New science materials arc being produced in 
many nations. In some eases, these materials cons* 
tituic new approaches to Kience. These materials 
may or may not be applicable ekewbere, but certainly 
educators should be aware of them and consider 
them as they continue their clfiuu to improve their 
science programmes and science leaching. 



ScleoM tdottllon RnorCb The test of science pro 
ET»»m« itvti science teachins is an empirical c"»« • “What d< 
the tttsdcr.ij learn’*? H there it to be continuirgimproN-emen 
of tcicnce education, it « impotiant to undertake researdi 
Thtoush meaich v.t ate better able to diCerentiate bctwcc) 
vhat ve Hfj/; vculd happen and what dots happen. 


r»tluitJea »adl<« aie of spcnal importace. 
^^■her^ new courses or new approaches to teaching arc 
dts-tlcped, an attempt « made to state the objecti- 
ves in such a v-ay that it is possible to check the 
ealcni to which these objtctites arc achieted. Tests 
and other intlrancnts are dwloped to dctcnniac 
ttodent growth in the direction of cbjeclKes. Student 
growth may te compared to growih of similar stu* 
dttu who hate not been involtTd with the new 
cotsrKs or the rev* ways of ttathisg to try to ascer- 
tain the relative cflecusTacss ofthe rew approaches 
to leieece teachini'. 

Srieree Umlrj; ilodbs Studies of iTodntts and 
l.ew they leant eaa be \-ery helpful. WTiat kinds of 
eaperimees trialed lo science hast ehildrcn had 
Irfne they erroe to school ? ^^■hat concepts do they 
have regarding ^a(icus natural phenoiaena? What 
kirds of arTangememi for Oae study of science seem 
to be mott efTcrtivca Tbere is a wide range of ita- 
diet that wiSi be belpfu! in impTryt it ig science insiru- 
eticm. In sddilioa such studies would be important 
eOTitribrniors to eoenporath'e science cducalioo. 


Hbtwlcal slodlea tventnally, it will be impot- 
tsBi 10 carry cut himoncal studies that will analyze 
the erpcrierert rf deseleplng vartntu kinds of science 
ptcyrarsunes. >Yhaibavebeea the critical faaon ia the 
drvtlrpmeatefsekaccpecgrsaRw* How have vari- 
fji Vlaif cT prt^acuuea eoestributed to the rcooecak 


RerrrfnMS 


TJti? paper is partlf based upon the paper prepared for 
ihc Congress on “Science Teaching and Economic Growth’’ 
sponsored by the Ititcr-Union Conamiss'ton on tlic Teaching 
of Science hetd at Dabar, Republic of Senegal, January 
14.22, 1965. 
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The report stresses that the schools should make 
special effort to familiarize their students with the nature 
of scientific enterprise characterized by values like ‘longing 
to know and to understandj questioning of all things, 
search for data and their meaning, demand for verification, 
respect for logic, consideration of premises and consideration 
of consequences’ (1). 

Pfailosopby cf Seieoee (Selentlfie Method) 

One gets into dilBculties when one looks for a single 
definition of Science acceptable to all. It is really shocking 
toknow thatsciencetendstodefyitsown definition. ForBently 
Glass, it is the ‘unfinished business’ which stretches much 
beyond the definition in concrete terms as given by P/ef. Percy 
Bridgman in which he says that science processes involve 
‘accurate and precise description, classification, repetition, 
consensus, e:tperimentationandmeasurement’(3). For W>Faull, 
'at is not the fixed questionstothefixedanswers {both can vary 
depending upon the questions to be pursued} but W attain 
the understanding of the relationship which connects the 
answer to the problem’ (4). C. F. Snow goes a step further 
saying that ‘scientific culture is not only intellectual but also 
anthropojig ical*. Even the scientists do not appear to 
nnderstand each other completely. What applies to science abo 
applies to scientific method which tuna out to be a significant 
ingredient of the philosophy of Kience, and the functions of 
(he latter are to define and redefine science concepts, iden* 
tify the various areas of scientific research which can be 
more profitably and productively attacked, investigate assum- 
ptions underlying the nature of seality and to present a 
coherent and consistent picture of reality based upon findings 
in the different branches of Science (5). 


Views also differ widely on what actually constitutes 



a ‘sdentific method*. Some »ay that there is a s< 

method and various steps in it can be identified an 

made the specific objectives of teaching . There are 
who say that there is no such thing as the scientific r 
Everyone has to find his own path and in this wide > 
scientific investigation is pathicss with no restrictions 
soever imposed on it. There is then no sanctify as 
the rigidity regardittg the steps of the scientific 
which have acquiied a ‘natural status' lihe the s 
problem solving with the passage of time. This 
that the use and practice of scientfic method docs not 
guarantee a solution to the problem. Consider the 
ing examples-. 

Tale a recent example. We still do not kn 
exactly the insertion of the loop cheeks pr eg nancy^ 
answers so far obtained to this problem arc at the hy 
stage but the medical research is not idle on this 
material artd shape of the loops is cmttinuotnly beinj 
ved upon which may throw light (may be dim) 1 
Scientists obtained conflicting results on the eO 
vitamin C which were reconciled later on by the d 
that the rats possess the inherent ability to man 
vi tamin G out of the diets fed to them. About 250 
ago, Pythagoras, great mathematician, hypothesizi 
on argucmentaiion about the shape of the earth 
tools his hypothesis seriously till Columbus made a 
like use cf it. The planet Urnaus did not behave t 
cated mathematically. The result was the discovei 
other tvfo planet^ namely, Neptune and Plato. 1 
clean, neat and highly st^hisUcated method and pr 
of Louis Fastear, vrhereai confirmed that the Uvia 
always come from the living bodies but it did not an 
basic problem of the origtu of life. The scientists thfoi 
ntific method accepted aud rejected the conflicting evi 


the nature of heat and light, the coatfoversics which rocked 
the scientific, »vorld for years. Jan Van Helmont, one of the 
very well known and highly respected scientist ofthe I7ih 
CJentury left an interesting method of making mice : take 
slightly soiled shirts, place them on a dim, quite comer sprinkle 
with kernels of wheat, and in t»«nty.one days one would 
have mice. It was as much a demonstrable recipe as any 
other demonstration today for it did work in those days. 
The Indian scientists failed to suggest a suitable dye to 
colour the Dalda Ghee. They suggested that the problem be 
discarded as the solution developed may turn out to be more 
irksome than the problem tackled. Try, if you can to 
separate sugar from milk sweetened by it. History of Science 
is full of such examples. 

Steps Id Scientific Aletbod 

The problem to a certain extent is solved if we 
introduce the new tenns namely, stable inquiry and fluid 
inquiry (2). In fluid inquiry, the research scientist questions 
the existing body of knowledge in his developing theoretical 
frame of reference which is fundamentally at variance with 
the established body of knowlegc (Kepler, Newton and 
Einstein). They are in fact the leaders of the scientific world 
whose first concerns arc to explore the problematic areas 
somedtnes even across several disciplines through self made 
rules which afterwards become an integral part of the 
scientific method and philosophy of science. They thus 
succeed to illununate how to bend method and procedures 
ID catch highly diverse and evasive ideas. In contrast 
to this in stable inquiry, the rocarch scientist fills in a blank 
in the growing body of scientifie knowledge. It is through 
stable inquiries that tbenew knowledge is studied intensively, 

refined, extended, sttodarldired and aislrailated. 

Some emc then “f the camel 
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w may hurdle againjt major discovery (Radio activity, X rays, 
ihept'ical challenge of Einstein, splitting the nucleus through 
mechanical means and the basic work leading to the manu- 
facture of atom and hydrogen bomb). U is fruitless to look 
for further Ene distinctions between these two inquiries until 
the computers begin to think creatively. They infact coalesce 
into each other. THs is the reason that sometimes it is 
diHlcult to distinguish between original sense and non-sence 
{can particles travel faster than light?). Against this 
background, one can enunciate the following steps of the 
scientific method. 


Sttps Id Sclentifie method 


Encountering the problematic 


situations 


b. Statement of the problem (its formulailon more 
and more productively) 

c. Forming hypotheses (Trial ideas or tentative stabs 
with no restrictions vrhatsoes-er imposed). One 
should enlist all the possible hypothesri like 'Brain 
Stroming' in industry for there is no distinction 
between rele^-ant amd irrelevant hypotheses at 
the stage. 

d. Setung op cootrol expetitoenu. Much ingenuity 
is needed at this stage. The first best control 
experiment it ooe which discards aUeasi 90 px. 
of the hypotheses. It costs time and money if one 
sets up one cooircd experiment to confirm or 
discard one hypoiheats. 

e. Obtaining relevant vatiabXca after all the hypenSexe* 
have been s c ree a e d . 


f. l>'i>coverins the oathematical relations [Thu makes 

the sblotioa more powerful). 

g. Apydicatkei of the above lo aslve bcw rer>KWn< 



h. Idealuation and ftbstraciicn. ,Itu the last stage 
in the dca-elopment of a solution which links it 
with the philosophy of science which u a part of 
general philosophy (»)■ 

Ootcoses of Science EdaeiUoa 

We don't hare a pitypointod discussion on the eut- 
con.es cf Science rducation for various cairgorirs of children 
at vario'Ji a?c level lightthroughoui the school. The discu* 
uion is too pmcral to mean anything. In a study we faund out 
the fallowing oLjectivri of leithlng general science: 

(i) to enaWe them to live ina sctcntiSc world, environ- 
rrxnt and to draw inlermcn to solve the related 
daily prehJccis;toe5rperifncnta.'»d handle Klenlilie 
apparaPos, 

(tt) To make itadenu familiar with,.,. 

(Li) To create uuerest in scicBoe, pratieal work, arti 
about thiars of daily use aed C)f i&anuti work, 
(r?) To doe^p keen oljvrrvatlon reasoning capaeiiy 
iCjcniiEc thir.kiftg, habit cf criiiciici, juJjeincnt, 
oiiical ur.dersucd,r!g. laagiaaiive powers *«d 
iaxrml La aaenee 

(v) DevelcfTBrst cf sceKSjCc atsiiude, f cause t.td 
e^ect feiauteuhip aad w?t cole W by SJper* 
itiiiucj ) cctlsck, reaeareb a3if.^e, etimiastioo 
and jvceuciijsa cf tiJsiiny- 
(M) To iocreaae (ar isrpan) irx.'uC< vocah^ry aad 
add «j the tiTui (i liiowts'J.j-e 
<v:iJ To icopa.*S ai^.'X l^»r taws efaatir*. 

(vi.,. Tv Li'^'jtisc* tiera (pupi’a) lo Kts* tdcca~S,a 

(la) To appreciate xts flics of ef 

SiTysce va cuoiao aj[<. 






(x) To acquaint itudenti with scientific inventions, 
natural objects and their gtility, 

(xi) Development of traits like carefulness, self con- 
fidence, tolerance, encouragement, independence, 
feeling and will of cooperative action and self 
dependency. 


There is nothing wrong with these statements. They 
infact look grand on paper. It is however obvious that 
these objectives cannot be achieved in one lesson. It is 
therefore important for us not only to state the objetthts of 
instruedon specifically but aUo to consider their other aspe- 
cts mote compteheraWely. The tatter arc.»jsov(.jcaentiottcd 
Wowt 

li Fooetloasl Uodsrsttadiogi ' ^ 

(b) Scientific vocabulary^ *v . . J 

(b) Scientific fact \ .. • ~ .. 

(c) Scientific concept '‘v., 

(d) Problem solving leading to training tn scientific 
method. 


2. Scle&Ufie «UUs 

(a) General sUUs; language slUls, i. e. reading and 
writing. 

(b) Communication skills. »»*, speaking and listening 
including drsmstiiaiicn. 

(c) Scpcial skills, vix, to in on with jeoplt, fw 

others and their propntN-, self ctsnpeMticei, wwkSag 
tf^tal«lr »>» «>o;*ritiaa and eaouestal 

naUliiT 

(d) library tkr.’s »■«, fending* varices and varied 
references and CMtFall.ns Omo. 

Uboratory aki’ds rU. tr;,rh^ui sUy, B«d«J „ 
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tfic laboratry to get up apparatuses, make observa- 
tions, record observation^ plan for experiments, 
improvise apparatus and develop preservation skills. 

(f) Mathematical skills, vix, computation, graphing, 
ranking, averaging, aj^iroximating, geometrical 
drawing, dealing with symbols and reading tables. 

(g) Aesthetic skills viz, artistic sensitivity and physical 
ability to prepare charts, models instructional and 
illustrative materials. 

(h) Safety skilb viz, avoiding accetdents and the ability 
to do first aid whenever needed. 

(i) The abstract skills \iz, ability to recognize and 
classify things on the bails of common character- 
iities, ability to analyse simple and complex 
problematic iltuations, ability to check evidence, 
ability to «rify one's ideas, ability to judge abiur- 
ditiet, irretevaRcin and fallacies, ability to set up 
eoDUol experiments on the basis of hypotheses eonil* 
dered and thereby to distinguish between lelevam 
and irrelevant variables and the development of 
iotigbt into (he nature underlying auumptiont and 
prooGi. 

3. Sdeetlflc Attitude 

a. Open cslcdednesi 

b. Curiosity 

e, Jodfemeni bated upon scientific fscti alone 

d. Williagtsets to tot and verify caschaletss 

«. raith ia csose and <S-^ relatiooship 

C Ifonest repertisg 

g. Rejenlca cf tV pfiadpfc ef autbonty 

h. More faith sa books vrlnns by » 

ibtir res p ective fields etc. 



ScEeatifie latetcst 

(a) Making collections (seeds, leaves, flowers and 
minerals etc.) 

(b) Making simple preparations (oH, soap and 
chemical) 

(c) Making improvised ap^ratus 

(d) Making scientific models 

(e) Setting up some demonstration expriments 

(f) Visiting places of scientific interest 

(g) Interest in some mutelfarious activities of the 
science culb 

(h} Reading scientific journals and popular books 

(i) Describing experiences of scientific inierest 

(j) Inlercii in science as a field of vocation. 

SeieotJfle tppreelaifons or Inelltecioal admirations (to 

Ma from) 

(a) Histor)' of science, setemific discoverio and 
inventions 

[b) The state of science in diflereat centuries. 

e) Biographies of scientists 

d) Impact of modem science on dail^ life and its 
implications for the future of mankind. 

i) Contribution of science to food, shelter, clothing 
health and hygiene, ctr. 

) Physical environment and environment created 
by roan (8). 

l us now discuss only the fint aspect, namely tae 
understandings. 

ctiODSl Doderstsoduigs It *» oot possible to d^ne 
1 understanding” in one phrase or in one sentence, 
ven possible to perceive it as it arises in the 
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child'* mind i.c. whether it is only a word, a fact, a concept, 
a principle or something composite called functional 
understanding. The lines to follow do not, therefore, throw 
light on this aspect of ihe problem. 

SeifDjjfic Voeabolary It refers to words like mixture, 
compound, valency, spectrum and electron etc. which are 
used frequently in the scientific literature and constitute 
an essential part of uaderstandiog clearly the scintHic 
thought. The development and knowledge of scientific voca- 
bulary at various grades is essential because only then the 
children can read and study a paragraph of science with 
satisfaction, confort and understanding 

Sdentificfact It is a statement of an actual event of a 
physical object. It is mostly empirical in nature. Some 
examples are : 

1. Water bolls at lOO^C. 

2. Heat changes water so steam. 

3. Air is iavisibfe to eye. 

4. Sun rises in the east and sets in the west etc. 

SclrBtltic concept Concept is an idea about the 
environment which may be a variance with tested scienilBc 
knowledge. A scientific concqit cannot therefore be used 
in this setae for it does not inform us how it was psycholo- 
gically tonned. CeneraUy speaking, it not only underlies 
a group of scientific facts but also explains them. Its 
distinguishing characteristics arc : 

1. A scientific concept is not always an isolated fact 
or even a (peciCe fact about a given phenomena 
or object. 

2. A scientific concept is objective In character. It 
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simplifies. siandaTdttCi, and inter»rclates the 
various experiences. 

3. A scientific conc^t explains a certain aspect of 
the phenomena, certain mode of reaction, or 
behaviour, or a certain relationship or it governs 
agroup of facts. 

4. A scientific concept IS a scientific fact which does 
not contradict itself without vioUrins some other 
equally catahlishtd law. 

3. It is a practicable and usable statement specifically 
worded to be true within its statement. 

These coaviderations apply only for a certain length 
of time because the fundamental ideas of science also change 
with the passage of time. Secondly, the above mentioned 
outcomes of science education are, inlaci, broad categoriei 
which OK not to be at all considered independent of each 
other On the other hand this furtber necessitates additional 
specific statements not only about the subject matter in a 
given area of science but also inclusion of correspo.odiog 
learning experiences, that is, an integral part of each other. 

Qthaiioral ohjKliTn 

Our problems do not appear to end here. The reason 
is that we have not so far brought specifically into our thinV- 
ing, habits, what actually do we with to achieve. It is so 
essenrial in evaluation. Therefoie a given behavioral obje- 
ctive tends to achieve the following purposes : 

(a) To identify those students behaviours which cone- 
tpond with a given set of content of pnxess 
materials in a curricuUua and to guide instru- 
ctional planmag to achieve these behaviours. 

(b) To provide criteria for the sclecuoa of learning 
experiences 
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(c) To provide a mcani of evatuating the outcomes 
of any instructional experience. 

(d) To provide criteria for analj-se and revision of 
learning experience in terms of the original or 
new discovered objectives ( 1 0). 


It is easy to see that our thinking on objeedves is 
becoming gradually more and more specific. One will no 
use undcf inable terms or statements like (to undenund, know, 
appreciate and familiarize etc) but one svill use measurable 
terms like the following in stating the objective ofmsOTC- 
tion t classify, construct, calculate, select, describe, order, 
write, transfer, demonstrate, distinguuh. design. 
apply: state, analyse and evaluate (10). It » 
hope that thinking in this direction will improve ,ci«ce 
teaching in our counwy provided attempts are ma e m 
big way in our country to involve practising 
di.cov=,ing mean, of 
science as well as developing cogniuve 
.Ml.. Incidentally, it '«ill “>» 
enpetienca and cvalualion, nature nf .tntle»“. 
not excluded. 
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TLe PsycLologirai Bates o( SelcDCe Teacliiog 

H. Vktd7> 


iDtrodoctloo 

It is 8 pity that very little is known in this country 
about the psychological siiuctnte of any one of the school 
subjects. Science Education at all levels, in this context, is 
no exception. It must be (>oinied out straighuway that the 
cltmenta of unit and lesson plans do not inform the practi* 
sing teachers about the various outcomes of science education. 
Principles of teaching like the following : simple to complex, 
concrete to .abstract . Im^n taunkn^n a nd easy to diflieu lt. 
of course desirable to know, do not clarify any piycboligical 
notions. This sore of criticism also applia to the various 
approaches to learning ; learning from first hand experi- 
ence, trial and error or success and learning by doing. 
Even factors like motivation, proper orientation, students' 
desire for recognidon, accomplisbinent and new experiences 
including the set of independence to think, and teachers 
attitude towards hu work do not escape this criddstn. 
Further we also do not know specifically, aberut the condi- 
tions (or the operation of outnde variables) under which 
leamiag takes place maximally. It is, therefore, no wonder 
that we have not cOBCemed ourselves nnjch with pressizig 
psychology in. the service of tdtnuUtmg eogniilvc growth 
among out suence students at various age levels. It is a 
dUappolniing state of aSain but still in the existing state of 
knowledge, it u possible for us to teach science efCRtivcly 
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from the view point of paychology in the absence of adecpi- 
atc teaching and learning theories now available. 

Faoctlons of Learnlog Theories 

General piyehologlrt. h.™ not worked oat both 
extensively and intensively the edoeational impl.eat.on. o 
their respeetive theories. Howesrer. the various !».»«= 
theories currently available mutt aim at t e o 
functions; 

1 They mnstrelleet the nature and .pint ot science 

teaching. Science is to be viewed both as a ptoees. (ma.te^ 
of the various phases of .he ,ei».ifie method, e, resm* 
operation ) and product (mastery of facts, 
pLlple. and iaw. and their application to the probiematic 

situations). 

2. They must extend their knowledge and 
ding of the teaching learning ptoees. on er 
conditions. Thit also loelodes learning i F 
situations), 

3 They must inform them in,tiilg«.tly (and to 
inyoives'predictitm of behayio, a. wei.) about the enndiu. 
under which learning lakes place maximally. 

X. Theymus.be..on,cenfnewhnnehm. hinn. 

clues, hypotheses ,3ea. 

l~:"ru«der.,ingh«»a».hougb.pro<x.,e,. 

3.Theymus.,eeee..wide.peemnm^-;»-:: 
picking np vocabulary "7„rdi.covered ) , cri.icai 
problem solving (boih prenmted an If dm o 

Lnking creative .Unking and or.gnmi .Unk»S 
not so, remit will be disappointing (1). 
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Concept UaiDiDg 


One of the easiest approadics to teach is to take one 
concept at a time and develop it through a scries of planned 
experiences which may be in the nature of first hand experien- 
ces ^activities, experiences); observations (directed or un- 
directed); and making and suggesting suitable inferences 
hypothesiaing and its testing). To ^ote L. Hcrbart Mason: 

I must begin by leaching them the ordinary 
parts of a plant; the stems, the roots, leaves, and 
buds. After they have teamed these, I call ihcir 
attention to the fact that every leaf has a bud in the 
astil. Tbit is called an “ordered” pair. 

If you will look at a tree with ten or twenty 
thousand leaves on it you will find that every aor- 
loal leafhas a bud in iu axil. The leaf lies between 
the root and the bud, and the bud lies between the 
leaf and the tip. I asked the children to map that 
relation on a stick. All of then could do it. Thus 
they can map a concept on a stick. Then I call 
to their attention that the root precedes the leaf, 
precedes the bud. precedes tip as you go up the stick 
to Indicate an ordered formula. They had just been 
introduced to equations two weeks before. One little 
youngster said. “This is just like an equation.” Of 
course, there are some difierences, naiuarlly, but 
none the less, it Is a matbematJcal statement that 
they have become aware of. 

Then we pve them a notation to represent these 
things, r precedes b, b precedes t. Next we say '“We 
want to use this little model, this little map you have 
made, to discover hidden knowledge.” In this first 
exccrcisc, we give them an ordinary willow stem 
• about four inches long. We selected the so 

that they are just about as thick at one end as the 
other. kVe told them, “Place the sticks on your desk 
according to your model so that the base is on the 
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drsk ard »hc tip is in the air." Two of them missed 
»»; aJJ of the rest were able (o do it. Of the two 
<hai missed, one was jusi careless She knew the 
answer, but the oihet one was confused. Ali of the 
ml of them got it and knew «vhy they svere rtglit. 

The next thing we gave them was an ordinary 
white potato and said, apply yonr formula now to 
the vihite potato and tee what the potato teits you. 
The teacher was told she was not to ask them any 
question* except. What e!*e docs the potato tell you ? 
The first question was, "Do you »ee anything that 
lock* Istniliar"’ One little girl said, "I think 1 »rc 
seme thing that tooks tile a bud." A little boy said, 
"Ob, that j» just an eye." lie did us a very great 
service because be gave o* a vocabulary to work 
with. Then a youngrster frantically waved hii h.trd 
and said, "If tl>e eye of a potato is a bud, according 
la my model (he eyebrow is a leaf scar,” Ife was 
using bis matlxmatiral model to arrive at something 
that never oecured so him before. The nest yeungw 
ter said, "If the eye of the potato 11 a bud, and the 
eyebtow is a leaf scar, the potato must have a bate 
and a rip." lie made this deduction by being pmi* 
ded only to see what else he could diseiiver. 

The iwcbrr then said, '’Plate the pouto before 
ycu c-n yeur desk so that (he base is at your right 
band, lie tipen tic left," Therr were 39 youDgnW* 
and 39 got it righi. They could use (his model in 
the serofd grade ard reach cCtctJvc answers (2). 

It is sa example cf cceieept lea/niag. It liiJis msthe* 
rsatics and living bod»* in new, rxtiJing asil fiscLuttii: 
ways. It (unecds so rces t>,^eeiucal cotioes in first band 
cxyerirccT wish rich pcws-bihues cf deyt'^Jo^ add.t,oo*l 
preerti quoi’C«!cg, itiLXf tise frjrM'fSS, 

sewsd tr, ceyasliie^, piaea-eg rarvesJ scf.iti,c:i, 
ftrsLcils^j up Ccatrel rsr^rin-jffcU, ■axdfrVJi-^ ’’-t 
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bidden relatlomhipf, making operational definitionj and 
ducuislng and communicating in precise terms'. To quote 
Kusian and Stone : 

Ofeoursr, the twig* and potatoes arc concrete, in 
sharp contrast with the molecules and atoms wiili 
which other conecpt-tcaching experiments haw been 
concerned. Tliis model which organise* *udv concepts 
a* leaf, axil, bud, root, and lip its a Kiial order led 
to the discovery of new kntmlcdge bv children to 
loung that tlicir success wai completely cnespected. 
Direct expcrien« with concrete materials teem* to be 
absolutely neeeasary Ln order to form the model, but 
once fonnrd, it is geiteralijable to new situa- 
tions (3). 

Drron in coneqx formation do take place. They 
may arise due to imperfect perception*, faulty vcridcaiion, 
and validation and muplaeedi osxr conhdenec in cme'i 
recordings, interpmauoas and ctmcepiual tlimking (RutwH). 
Del til BOW turn our attention to the leamins theoriet 
Cenildrrtdaa froo tvlon tlevpolnti 

Lei m now di«euu the psyclioligica) baaei of taenec 
teaching under the following iieads 

(a) S. R. ’nimtiei 

(b) Ccstalt view 

(c) Cenes-a angle 

(d) Strategy ofdidsion tnaUng 

(e) Acceleration cf mental drexlopsrcot 
(■) S. R. nrartm 

TI.ctc tlieorres gise u* i»o eem-rpn, namflv teinJjt,. 
<c».lrc seinffueer n tTV Tlieic tw-a coajrptt are l.'i.Ur 

useful f.» esplsir-ine early ka'aiag ijsrjud.n* i‘,e 
petiodv Ihclirg ep of *0, \cK-abul«rs. n-s=bnli and X -TniJae 
in »cjcnw and kamng a foreign iasraage are C'-h-r ext^ryies 
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,.hi=l,ca„ bc.a,ily .xplai»=d b, .h. S.R. to, at tte 

higher secondary .tage. However, dtesa conepta do not g 
far enough to explain advanced ptoce«c. of th.ntag v, en 

„o confirm that the aim of acienee teachtng tt not the 
aceniaition of facts and bit. of other inforntauon but t 
adainthe nndcr.tanding of the relationship wh.eh prewn 
a.c answer to the problen.- (3). Thts cntphas.zc, both 
aspect! of science namely process and product. 
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Conditioned View. Inspirwl by the 
Maltrtnan has propounded a full 
thinlingfrom the behavlouristie P"’'"' 
open S-R theories. Hi. concept of compound t»por^ 
hLrachy cover, ■disvrgen. trial and error m=ch»«« 
and the convergent, di.c.imioat.on learning 
ohms’. Elfcct of relnforeemcot is no. str.d ‘ ' 

,0 a particular member but is supposed » goto 
to dte other member, a, well. Mediated genersbra. " 
accomplithed by b.goi.dc 'e-P;"" 
noUoninhU theory. Hi. dteor, ”P'’ 

role of anaiety, f.Huev » " ^ 

rccurnmce of interfering responses. A.cctd. 

1 . „ ,„i,e possible so develop 

(common and uneooimon uwj, » y, ,^,wi,ed 

lyre) provided eersam »i»Me ie^tom de^ 
which bring abootthai His 

(U) Protrw®^ le*r«ias . ^ 

Shinner mtd bis eswworVe, 

.he basic idea, of psognsmoted leamlo. 



.invcst^ations in the area of animal learning and 
realized the dream of Edward Thorndike and Arthur 
Gates by constructing a mechanical device tvhich 
could be succeafully used for personal or individualized 
instruction. The most important notion in his work 
is that of immediate reiiUbiceizieRt. Skinner has 
demonstrated that it U quite possible to teach advan- 
ced skills to rats, cats and pigeons etc. which they 
did not possess before the begiatung of the experiment 
by breaking the advanced skill into the smallest bits, 
and then choosing the most relevant and meaningful 
stimuli and responses which fit into each other like 
the various links in a long chain. For achieving 
these purposes, advanced electric equipment came 
handy to him. Thus h« svas able to teach pigeons, 
for example, to dance in intricate patterns or to play 
pingpong game till their beaks bled profusely. The 
activity itself appeared to motivate the ^geons to 
continue the game for a long time. According to him, 
classroom learning is deficient because the correct 
responses are not adequately reinforced at the proper 
time (5). Thus he arrived at the basic nouon of 
reinforcement (immediaic reinforcement and the 
conditions surrounding ii) and applied it with aston- 
ishing results in the so-called teaching machines now 
getting quite popular in some advanced countries 
like U. S. A., U. K., and U. S. S. R. Consider the 
fallowing two exatnples ; 

) blatter is made up of atoms. Table is 

matter. So table is made s>p of atoms. 

Similarly brick is a matter. So brick is 
made up of *** 

Brick and table are matter. Each of them 
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occupies space- and possesses sveight. Therefore 
luaucr occupies,., pcrescsscs,,,,,,,.,,,, 
and so on (4). 

{ ji) 'A-l A VCTjr important discovery in physics 

was the natural attraction of objects due to 
static electricity. If we rub a hard rubber comb 
with a wool cloth and hold it over bits of 
tissue paper, the comb will attract the paper, 
This attraction illustrates. ..Electricity 

A— 2 At parties, you have seen some-one rub baloons 
against a irool rug to make the batoons stuck Co the walls or 
ceiling. This is another example of,,, 

A-3 In electricity some objects will attract each other. 

A hard rubber comb rubbed against wall will 

bits of tissue paper. 

A-4 Still another example of static electiicty can be 
seen when a piece of amber that has been rubbed with silk 
will small objects. 

A-5 Static electricity can also cause object to repel 
each other. When a comb rubbed through fur is brought 
near another comb rubbed through fur, the combs will not 
attract each other, but will each other. 

A— 6 Knowing that two rubbed combs will repel 
each other, you would predict that two amber rods would 
also 


A— 32 The general rule is that,. charges attract 

and...... charge repel. 

A-33 The general rule for attraction and repulsion 
is that. 



rqiel and unlike charsw 
attract or 

)ou could lay, unlike charse* 
aitma and like eliarge* repel (4). 

Different \enIoni and many lanationt within the tame 
\-etiion ate poisibte dq>er»ding upon the rpeciCc ohjectiici 
to l>c achin-cd, the nature of the pupili and the expertiic of 
the programmer. The pupil hlroielf react! bit by bit to the 
vshole programme ai the amotmt of information presented 
at each itepis wy imatl. He thu> leanii what hr it expected 
to team by the programme witlioui the help of t!ic teacher. 
The very working on the machine, the vaned type of itimuli 
in the programme and tl>e immediate Inowledge of the muJti 
eoolinoe to motivate pupiU to * wry high degree. Right 
te«pfin*c» in the teaching •equenaare unmrdiatfJv reitiTorcnJ. 
la an ideal programme, a pupil it turt to emit a corTtet 
retpoMC all tl«e time. 

Thne it nothing wrong with the pupil if he failt to 
learn. The fault only liei with the programme lt*lf for the 
pupil mun alwayi rucceed. A programme itjudipd quite 
luitable hw practical purpotm if abovx 90 percent of the 
jvyoh arc able to learn the entire programme. 

rrryrramBiei to far developed liavt teca critieim] 03 
the grouedt Uut Urfy UQ to dc^Tlrp literary apprrciatioei. 
conatructive imapinatjon, thinking { critical, creative anj 
onctnai }, mccional and artiRic aeniCrin ■o-t in no wav 
at all >»}p a itudrsi »o mrmoiire « kwig pora etc. Of courv. 
f.sr iVe trarher, pan af ibe dor;Vr)*i hrav\ l.vad is titdrurdeaed 
t,i »t*-ir cater.t. ConTrowrv«a ai»a emm around rffkary ti 
errotlna, Vart.ing, { ta3sn teg eA .*te and ) and 

d«a»ial..l.ty of tSe trBne<i.ate t*-.iJose«sami, a»-'2m tat irffjr- 
matiLxi fxioiaiaed in the atrp, tJir feuRfc of iSe 
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i,,,t { ,i„«r or V 

( tt,rir importaoro aoJ s.s» ^4 

Wairtlioii'r and Ctiild ) a problems 'm dee e® 

alone. Kesearebem w™ obiee.ln 
of lime Imtit »«'« '^._„md techm>l”“ 
IcacliingbyemphasiemBP' ° much wish *' * 

, see do nolbollier onr^.-^ , r„e^ 

menlioned eonlrovcmes. le ;[ « eb"« 

provided vre k''»"' ,Jv, and presentation ® 

L dilTeren. lype, ot learning V. ^ pa^r 

inllably graded ( maps. „e ). 

rarnmr, model. «.d .»!- ' “^011" « 
olOrelives, sve ran .ram «« P P ., , g,,, ...^ 

Ihrir own >0 .hem learning pros. 

mlt edoea.ion and the im 8 ^^jraoimes as 
irehnigue. ( no. ye. done ) P i„ t 

and avaiUbl. today stn'* * 
future (?)• 

(b) G«ttUYi«w ^ 

toisht Prom ‘='>.a'> P'P*°'^^jt,«hiii 
Idem, me. imigb, a«d pr.^““ ,omie=« 

appear .n he <1““ ^pp pnmS' 

Tsaisbt had nreded a lot jj tno>« 

of »olnt««Ki, Aha ^ 

tomd U experienee. fj^.^bed d* >"* 
cr^rplteve armried and d- ^ 

mysrrrirei^ anri*imd5e *=“^ *2^ *oei«r 
pa»t hinonr cf the isdUdda* 

,.1„ neavme. .n appear m m 

t>»-reb T o'aJg rfthr 'oc* 'S^<^ 

!'•» f -W rr »a ictejjatlna cf rr^ 


quality of the past expetitncc and nature and content of the 
problematic situation make the experience of insight highly 
probable. Further, DuneVer also attempted to distinguish 
between analytic insight (reproductive knowledge) and synt- 
hetic insight (productive knowledge). As undertaking and 
inference arc present both in successful solution, it is not 
possible to distinguish solution on the basis of the above 
mentioned two sub-concepts. This difllculty further increa- 
ses (as Peel puts it) when Gestalt psychology does not eva- 
luate productive thought. In other words, we can then Say 
that 'the flash of insight is not an evidence of an unusual 
height to which intelligence has soared but an aptness of 
the solution su^csted’. 

Produetire Tbought 

Productive thought implies ‘analogy, selection, 
reassembly, coordination and structuring’. In productive tho- 
ught, children consider all sorts of hypotheses to solve a 
problem. 

According to Feel, the distioguishing characteristics 
of Productive Thought are • 
ll) It contains an element of forward drinking. 

(5) It becomes effective by changiog the problem situation 
materially in order to achieve solution. 

(3) Some new problem may be solved by restating them in 
the light af established cxplaination. 

(4) It ahvays appears when a new problem situatioa is met. 

(5) These vituationi may be material, social or personal (5). 

Dunler investigated the thought process of unKersity 
students by using practical type of problems which had clear 
cut solutions. lUs main aim was to find out how and in 
what manner the solution of a problem arose from the very 


proWcTO ilsejr. According to him, there it n problem when 
one hat a goal but does not Vno\v how to attain it, there is 
then ‘recourse to thinking’. Two of the world famous prob- 
lems as invTjjjgatetl l»y him are mentioned below: 

(1) Compensated pendulum. You have seen a pemluliim. 
The iJowncM or fastness of the pendulum dependi upon 
its lengili, thediitanre, between the point nf »iiJt>ention 
and the centre of gravity of the bob. In sviuier, this 
length decreases and the flock goes f.nt and vice verst 
in summer, hut t«e want the clock to run with absolute 
accuract. How can be tins defect remedird ? I.aitly, 
ve are 'e.nU enneerned t*ith the length of the pentiiilitm 
fir the rert, the pendulum may have any appearance at 
all*. 

(2) Stomach tumour. Theie «» .» patient lufTering ffttin an 
intperabje itoenaeh mmrmr. Kadution at iJjfr>-ieni inirn* 
siiKS >1 aifidable Il,e problem is I'l treat the tuniotir 
sitilKiul dcuu>yits ii.e t.e.sliK'' tmuei surroundifi^ K. 
IVhat tiu i<e ‘ 

He used the case study apj/toarh. The i.tbjnl waf 
aalrd tv speak sUnid all i' ^ ut^ys (lerjibb. arai itipidj 
wbicb struck i»cj during fidj/e-n v.t'ing The subject war 
alko-ftJ to *al rjarsfien frit-t the ^xj^rinenitf to ehtif/ hb 
d<!cb;» A'J ih.r r*^f >es err-ltml try were j'rcf- 

iictS >«iLa'.jn faiy’Js t'e Olf t-fued ci.* t.he prcblem 

»j«f »Ci.’,ed cr fidjy <re wh'o S-.-e t>'‘- “P 

F».n.birr, Dveickrr aUo oied otb^r ibcj-a^hs v'mti’ai.nj am! 
prcwcLif prtticms c<’e:ive.'-r^.* f?.-»irinf feasryimf 

t'be c'vcpsssesss «ceTie.i fr'*a L s ri^Lft 

i Or< scb.t;,je .s *S g**-! as a;;» ctVf » bis..® ■ei 
far *y t.< ‘.tyo-.t’ cf Slat ptc'.Vea S'-'ci'_r> .i 
n\4.* » ii C-o, » uV i2e,.^ .f vU s.-CTa£-« *f 
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the demands of the problem. Extraneous considerations 
enter into the problem situation when the essential aspect of 
tlic problem is not grasped. 

(2) Dunher then di&Ut^aishcd betvseeu Cunctiotial 
solution and the specific solution. TEic functional solution 
may be right or wrong. It mdy reflects the general range 
of approach or even availability of ideas on a particular 
problem. . At the specific execution of the solution stage, the 
problem is simple to fill in the minor details only. He then 
distinguished betiveen meaningful errors and stupid errors. 
The former arose in the specific execution of the right idea 
and the latter ones svhen the grasp on the problem svas either 
absent or too poor. This further led him to distinguish 
between organic solution and meclianical solution by the 
tvpe of behaviour shown by the subjecta during problem 
solving (in the final written from of the solution, thisdistin- 
ciion is very difltcult to maintain and Dunclier is aware of 
this diKiculty) . The organic solution according to him, is 
meaningful, less elegant, long and time consuming where as 
the mechanical solution is concise and follows a set pattern. 
Moreover, in the case of an organic solution, one sees clearly 
the evidence for the anal)-sis o( the goal, analysis of the 
situation or conflict and analysis of tbc material For iiu* 
tance, Piaget's work on number ihoivs the concept of inech- 
nical solution in the case of children who compute accurately 
without even understanding the basic ideas (also sec John 
Holt). 

(3) Generally speaking, in the case of a successful 
*''luiioii, each response to the problem situation is in fact 
le reformulation of the problem dcicloping organically, 
i prospect, it is the nature of another problem (Concertiza- 
on of llic goal) and m retrospect, the nature of the partial 
jluiion to the problem. The formulation of the pioblcm 



more 


more produclivoly then implies the emergeticeor one or 
than one functional solutions where a specific itateraent or a 

series of specific statements leads to the final form of the 

solution or solutions. 


(4) Solutions Icamt mechanically, i. c. without under 
standing tend to be forgotten in the near future. Pas* ” 
perience then docs not guarantee success because the very 
essential of the problem was not grasped then (6), 


(5) Cue. and hints ate only i.nder.tood when tl.ey 
approaeh the 'genealogleal line already P"'”' 

which is in confonnity with Selr’s General Law o 
pation . "An operation succeed, the ntore quickly, the ™re 
dw sehrnutie antieipatinn of the aoiution “PP™"’''’ J 

complete andeipation-. Clue, and hints at. not 

straight away in die absence of any past scheme approac 
completeness. 


iBiplicalioBS for Scifoce Teichiog 

Let US nose een.ider the hoplleationl of Oeslslt PV 
cbology for science teaching. 

(1, It tisualisesan aetne 
leatsting proeess-he is out a passise eoldy. 

Sion is naturally linked with self study im se 
eaeellrut cfilmin.tiug point for our edue.tmnal system 
this country- 

(2) II dkKoara^ the aaluuili®" of 

^ -tlX 

pos-tikc arsjie, U impiies that « »» ^ 

fchich pwCT. 

Itiu«*^ divergojt thiniinS 


**} 



»p«« of h,p„.ho^ (^„h,p„fco.) .„d 
«.ng thorn ,ho gi„„ 

" or icttms up control cxporimcoB tvith a view to exclude 
c evant variables. Thus new scientific concepts (insivhtsl 
I gauted through a series of acts of dUoosery, however 
SC small may be. 


( } And lastly, as Peel says Dunckcr has 
on teaching , 'Proceed as organically as is 
the cost of brevity and elegance’ (8). 


said tlie last 
feasible-even 


) CeueTa Angle 


The two penonal.ties of the Getwva Seliool ( leau 
.0. and Barbel Inhelder) „e „„w well hnowu .,l"„?er 
^ot , even u. S. S. R. being no exception. Piaget is 
OSTOhrt ^ r ('pi'Ktnology is a branch of 

the m ud develop, ideas about .he envitoumem. The 

Cl rVr ■””''”■'■1= 

.irM^'d '■'“laaatly tap th.l he 

Im s n ■ 0 '”’’'''““““ “-■'''““•laa. About h.m 

ate safely ,a,d il.at he I. a dilBeul, amhor to read and 
. his wrtting, cu, across nniecal branches of know. 

•I 1" la always misunderstood and etitieiaed h.Bhly 

ue,To'“n'“"’' “ '"'paaagr.plt but also 

"ca too much previoua knowledge on the part of hia nta- 
^d reading hint .[way. i. . .woUing experience. 
«al de.er.pt, on of hint ha, de.etred^my .eriou. ndnded 
e to study him at depth. 


Let Us 
caching i 


now describe some of his ideas relevant to scie- 
n brief. According to hiin, there are three dis- 
■» tiie logical growth of a child. These distinct 


more produclJN'cly then implies the emergence of one or mote 
than one functional solutions where a specific sutement or s 
series of specific statements leads to Uie final form of th 
solution or solutions. 

(4) Solutions learnt mechanically, i. e. without under 
standing tend to be forgotten In the near future. P*** 
perience then does not guarantee succea because the very 
essential of the problem was not grasped then (6)» 

(5) Cues and hints arc only understood when 
approach the ‘genealogical line already undcr-dcvclopm 
which is in conformity with Sele'i General Law of 
pation . “An operation succeeds the more quickly* 

the schematic anticipation of the solution approaches 
complete anticipation'. Clues and hints are not 
straight away in the absence of any i>a>i scheme appro** o 
CompletenetL 

Iffpllestlem for Seienee Teseblag 

lifl ui now euniHler the implications of Gestalt p»y* 
cU<h>gy for Ktenee teaehing. 

(1) It sisualLres an acttxe sole fur the learner in 
learning pr\xns-he it tiot a funtve entity. This i«p^‘** 
Itcttt is naturally baked with self study a-nd self edacaiioUi 
es.\e’.leal cijlinliuting i»o>at f»rour educalion.tl ipton 
dlls cwniry. 

(2'. l^^iwcrscraers the acquuuicsi of facts, 
a:4 umlentaading. kSTren teen * 

' ■ lies that h (I real Iniy-ltdgc alooe 

.J<h . ». 

iUe.V.its (see 

^ , le-lai ia »«e's ihitklsf by 



mZ ,7 (op™ liypotliTO.) „ 

km 7 '*■' ‘•"non* "f tL pr. 

^ r setting up control experiments with a view to exclud 
™,kbk,. Thu. .u..«k„h6cc.„cup.. 

ten T'“ “ ■‘noo'ony. '‘O™'" 

‘nese small may he. 


word oi? '»> “•‘I "'o 'o" 

' cost of brevity and elegance* (8). 


(c) CtocTa Aegtc 


PL,„Z'ur'’° of ■ho Conor , School {Tcau 

■howord. ,"n“ s'st’Z'’"' 

fnndumonullv *' '’° "“P'fon- Pfogoi n 

pWtaophy) ,„d hri’h"”^ ('•’""“‘’'"Sf " » '■■‘■nol' of 
how iho m- Tj ^ "•'"fo'O ougasc hiuuoir in .tudyino 
"•ocallooarim i"''”'” '"vh ‘■"monl. Tho 

Utile in.ero.lod .' “^'l •" f'oan'o'ly .uyi .hal he 

It tan be ufel -j ■”>'‘'’‘’1'^'' “■• otiueal.on, Aboul him 

lodeo he i ^ , “'“‘"S’ *'™> tofttol brunehe. of know. 
fotZ ™ em “““■‘"’•ootl o"‘i oehieked horehly 
ottumestoom' ""o Potagrjph but al.o 

tlor.. And ”?■' hoowlodso on iho pan of hi. rca- 

Cnumul dc.*^ "'“"f* ” " tenulting eupcricncc. 

f-P'o ,0 ..udyhZZiT.h'” 


®«ic Ideas 


nee ,eoZ' >»»'”• hit Wo- relmcn. ,o .eie- 

■»" peril^H Z'Z' “hit", thooo .re throe diw 

a the logical growih of a child. These dlsiina 


periods winch follow each other are universal %vhh reference 
to Swiss children, these periods are ; 

(a) Prc-opcrational stage from 0-7 years, 
lb) Tlie concrete stage from 7-1 1 ycare. 

(c) The formal slagcfiom II to 15 (or Idycars) 

(a) Pre-OperafjonaJ Stage 

The first two years of life constitute the Sensory Motor 
Stage. Tins period is of little cducation.tl signiRcance to 
the science teachers. As the child grosvs further, one finds 
that ilic Childs' reasoning is governed by the percepmal con- 
siderations of the situation, tic markes the judgment as he 
sees the situation. His reasoning is tnntctive, that is, he 
reasons from particular to particular. It U intresting to 
note fliat he can entertain two conflicting judgmenfs at (he 
same time without any embraasmeni. Even when the con- 
tradiction is pointed out to him. he is quite emphatic about 
his statements. Consider the following examples 

(1) Take two sticks of equal length. The child dec- 
lares tlut the two sticks are ot eitual length. .Vow displace 
one of the stick side ways. The child now declares iha* 
one of the sticks is longer. Do the same thing io the other 
direction. He again declares emphatleally that the iiicki 
are of tinequal length. Now scstorc the original condition. 
Ciiild declares that the sticks are of equal lengih as they now 
coincide point to (X’int. 

(2) Aik the child to take equal amouuti of water in 
two beaken of equal sice. After tliis, aik him to transfer 
these conlcftis in one broad tube arid the shsllovr dish 
resprctlvely. On asking whrtlier chefwo amounts of water 
are equal, child declares emphatically that the broad 
(omatas mote water ilsaa i.*ic sliallovrdish. 

(3) .Viklie clJid so Miake two equal erlletisxis of 





»in. or ptbbta. NowruHLc child ,o throw one of tht 
'■'opr on the Poor owr a wider arc. on the floor. Ch.ld, on 
quesiionmg, declares that there are more coins or pebbles 
"n the ground than in the heap. 


el., i o''''* » ■nalc two equal balls ofplasti- 

■ ow ask him to male sausage of one of die balls 
I r pancake). 0„ questioning, child declares that the sausage 
conum.tuoreplasiieine than the ball (the amount ofpla.- 
cine in the sausage is greater than that of the ball). Now 
otlhun.o restore the origimtl forms. The child now dec- 
lare that die amount ofplasUeine tn the two balls are equal. 


dil.f "lit happen, because the child’s 

fli akinghasnot yet attained tm-cslbility. One interesting 
to note is that at the higher ages, the child utes the 
volume"'*'"'"'^ conversation of weight and 


(b) Cooereie siige 


At Ihil'sL” 111' Ptoriout stage. 

Pre ta.’“* 'Aa a'aoa- -mtinned 

O' Ike entniri,! 7 ® 

•^aU. If he is hypothetical 

and bring, i> 

>“l to d,r" „T'“’ec'“'” “■ essen. 

'ion. Heal.o’ d" P'oMcrn. i„,o ,I,c problem si, 

1-io'be o.e he' f'<»” 'kei' moralis.ie stand- 

“d, i, d.Ti T ” "“k" ■>..•» S-arrane and 

dime”; " “>• "“ol. i. .he darken of .he 

Tbe formal utse 

this 


‘ difTerem in the sen« ,hat 


ro,,„« cad. cu.cr acc aaivcc.a, .UK rcfcccncc 
to S.vin children, these periods are : 

(a) Pteaipecational stage from Vears. 

The concrete stage ^ 

(c) The rormal stage from H » V 

";:'::r":'^oni.core.i.u.e.hescas„^.«t 

- ::r^d?:nrrLds 

..oration, oahesitn^re j--;-^^^^^^^ is, he 

sees the situation. H*s reaso g ^ 

reasons from particular to pa judgments at the 

<,,Tahet.ostich..re^^aU._Jh,^^^^ 

lar« that the two sticks aico ^ „ow declares that 

one of the .t.eh .id; "““^o thing in the ethe. 

one of the sticks is longer. ^,oaall> that the sticks 

direction. He .gain drel.re. „V,„a, eoaditioa. 

areofancgaal length. o„,.h a. they no. 

Child declare, that the stick, are of eiaal I . 

coincide point to point. 

,g, ytskthcchiid totakecaa. -"““^'^.tfet 
tirohcakcreof egaatsia. .J^c si.ai.o. dish 

Ihcsc content, ia one hro-d “he „„ „„on„.f«.cs 
respectively. On asking “h'^f * ... bread t.W 

are^nal, drild declare, erephauca >y to 

co..Tla,n.ore.a.e,.ha...hesha..os.d,.h. 

,,, yttk the child re snake ..oegaoi^— 
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gotiuluaoty. Today's gcuU has developed during 
past and at this stage, it U possible for the subject to t 
and breab this gestalt. 

Turther Kagel says that child develops Ws 
cngiiiiive strotttttes. CImW cannot assimilate knowlec 
the cortespondiog cognitive structure is absent. He 
then accommodate to the new knowledge. This it 
Vfiowledgc as distinct from true one. He even suggests 
drill should be Imed upon understanding. Child s i 
standing cannot be improved merely through talking, 
the contrary learning situations should be presented it 
a manner so that the child gets enough opportunitie 
time to eaperitnem and discover on hU own, '’trying 
out to see what happens, manipulating things, manipi 
symbols, posing cjuestions and seeking Kit ovn\ a 
reconciling s\hat he finds at one time with what .he 
another, and comparing his findings with those o 
chiidten" (9). 

(4) StrateCT «t DecisWa MaUsg 

Urunes’s approach suggests that we live in 
which is coinpr«sed of a Sretnendous array of diKii 
difTncnt objects, event*, people, and impmiions etc 
consider colour alone, tltcre are estimated to be sevei 
dlwtitninablc eoloor*. It is an impossible human 
gi>c a name to each of the *c\cn million colour di 
Bruner suggesu that to lohc the problems createt 
she human mind categorViti the twiiomnent and 
tL This Mcessiutes the des cloptnent of concept 
technically speaking, the ‘strategy of decision makir 
‘strategy’ refers to a pattern of dteiuems in the at 
rttenti<vi and uiHiraiiun of information which it ^ 
fil in *ul\hig psuUlems encoontMed in lire entironn 


On the basis ef this approach, Bruner lui 


the adolescent ptipil now OHuidcrs the possibilities as distinct 
from reality. In the concrete stage, reality tvas dominating, 
but now in formal stage, possibilities dominate and realities 
are secondary or are subordinated to it. It is at this stage 
that the adolescent pupil sets up hypotheses and tests them 
against the given data by setting up control experiments. 
TTiis IS how he reaches conclusions which are consistent 
with empirical olnervations. For example, it is possible 
for the adofesceni pupil to ditcuv-er the law of inertia himself. 
He rolls balb of dinercni sire on a smooth surface. He finds 
th.tf, s»haee\er may be the smoothness of the surface, each 
ball stops after i«ne time. If his reasom arc recorded and 
if he is of asera^e intelligence, hit Ij»I reason will not be 
tlic force applied to the liall but will be the resistance olTered 
by the surface o%-er which the b.tll rolls. The nature of the 
sutCace h a fact’ir which is outside the following varublci. 
namely, (1) the force with which the ball ii ihrown, (2) 
lure of il>e ball, and (3) the nature of the ball. This is 
net true only for the Uw of ineiiu Other phyiir^l 
principles and ta'*s ran alio be diKOvered by the adolescent 
jrjpsl ef aseraje Intel! gerte. By Ktiitig op control expert* 
L< can i.lenri/» the relevant variables anj eJirHi/s*!'' 
the inelesart ones, her eaatrp!'. in ilie Simple I’cndu.'uns 
I'speticser.t, be caa easily d.KCiver that the time ulen by 
ih-e peadulvm fw a swing de;>erd» sirs' tly upon the lengt.h 
rf iIjc siring alone. Other irrelcvane tacts Me the ampliiude 
if d.e weigh: cf the ImII and the f«ra! with 

u is made to swi-j a.-e re>-cir»l by him t'.rfel?h (fHiwt 
opetiaenfi. In ihors, a-I'Iesceat prp'f car* d'"'ef05y 

iLe r=et-c*J> atwi co a peetjers cr Inra the tr^ti-aU 
cf Uf * pref-Jers w.lii t/.* I.e'p 

!;■* I’WE. I'-r’-il wh-'h he hj.i 

le^»sk«r decs !'►■?/■ J it 

ce t'-rf ha^.k, aS ef » w-die*. Ji tss 



get 5u history. Today’s has developed durtns the 

past »nd at tWs stage, it is posable for the subject to maVc 
and breaV this gestalt. 

Further Tliget says that child develops his os-Jn 
ccgnhhc stTueWres. Child cannot assimilate knowledge if 
the eotvespondiog cogntuve slnictarc is absent. He may 
then atcontmedate to the new hnowlcdge. This is false 
Vfiowltdge as distinct from trot one. He even suggests that 
diili should be based upon onderstandlng. Childs uitdcr« 
standing eaimoi be imptowed merely throusK laliting. On 
the contrary learning situations should l>e presented in such 
a manner so that the child gets enough opportunities and 
tune to eupcrlmeni and dueover on his own, ‘'trying things 
nut to see uhat hsppetti, manipulating things, manipulating 
symlmls, posing quesiiont and seeVing his osvn answers, 
tteonrilmg what he finds at one time with what Jte finds at 
another, and crimparing his findings with those of other 
chilJftn" (9), 

(4) Strates; of Deeisloa MaVtag 

Uninet’s approach cuggciis that we live in n world 
which is comptwed of a tremendous array of discriminably 
■i.if-tent <>tjects, events, people, and impressions etc If we 
rottv det colour ahwe. there are estimated to be sm-tn million 
disfrimituble mloors. U is an impossible human lash to 
gue a tvime to each of the seven million colour dlffcTenccs. 
Itnincr msvry.s that so solve the ptoblcnu created by this 
the hun-.an mind otrgoutes she environment and simpMa 
iu This nere«*itatfs the devtlrpment of concept or more 
trvhwcalSr speabine, the Strategy of dcciiwn mahiBg', where 
StratTv’irferstu* pattern of decmoni in the acquisition, 
mcr.Jicn aodctiHsati«t«r inforTaation which Uqultehelp- 
i J to » .'v h e p,o» Wms «wwam«ed in il* car irocment. 

On tV.e iosii rf shis approsth, Eroaer suggests that 


scitncc should not be uusht as a ■factual “ 

■tool subject'. By the later atna. he ™aus that ta^ 

structure, should be fouad out 

and teacher, of seieaee. This meau. that the s.ho e of rt 
sdeacecarrlculuu. should be built 
seieaceeoacepts (iatellecual .tntetures) aud 
learuiug eaperieaees developed aroood 

or will meau that a good portuu. of presmt ^ 

will become reduodaul. Work uu *e,^ mcs^^ 
the U. S. A. We may mention here the 
Seieuee Study C»nu.t» on 

work m Biology m U S. . method and do not 

approach provide traming ! for the Site of newness 

replace one set of facts by another just for 
and novelty (10). 

(e) Acc.ler.llen ol mental dcrclopmcnl 

Ascironmcutalists, it is “rSop- 

asusm. that a. leas, a bis <>r IHr t 
inert docs take place un er le docs 

Ihoughtout and executed ‘j ,„p„e„, but at the 

not deny the acceleration o men 

same time, he is not dovcloptueut nod does not 

simply investigated laws «t,„niiude of development, 

at alt place any restrictions on l c ^ structures in 

that is, mind may evolve hig • f n,ind). Environ- 

She time, to come .ip, guiekly 

mental pressure may compel n 

to the environment, reflecting m on mental 

diflerenees. Brnfl'”''”'”*';""”" .,e p.yehoIngUt. 

development. On the ->»- 

like Vygol.ky (mstrnclnm p following font 

Pienes (if school syllabus ,s orga m.iliemstical 

principles like dynamic. ^ of well 

iriabilit, nod She enn,ln.e..v..y); S™''"' ' 
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nicturrd scientific matliematical ecpericncesjj Bereiter and 
ngelman (concentration on drill very early for those who 
te really disadvarviaged in life) and others like J. Bruner, 
lenjamin Bloom and J. Mcv. Hunt who believe in the 
cceleration ol' mental devclopiocnt. However, l-ovell, Ogilvie 
nd Dowdell do not favour the acceleration of mental 
evclopment hypotheses. It is, therefore, safe to conclude 
hat a very potential and ftuUful area of research awaits 
tvasion by the educational psychologists in general and the 
iractising science teachers in particular (11). 

Before we conclude, it will be of interest to mention 
fiat increasing emphasis in science teaching is being placed 
n the teaching of scientific concepts rather than facts, 
ilesnick erophasires teaching the big idea of science (12). Bru- 
er advocates fiercely that science should be taught as a tool 
ubject. With referencs to mathematics (modern) teacliing, 
ikemp hat propounded a schematic learning theory. Acc* 
iding to him, schema has a dual function viz, to ‘‘integrate 
nd organize knowledge within itself' and also to be an 
indispensable mental tool for the understanding and learning 
it new knowledge". Understanding is characterized only 
ly this process of assimilation which if absent makes the 
vholc business of learning only rote memorizing and uolatcd 
lieces of knowledge. 

Secondly, there is a difference between a fact and a 
lOncept. One cannot teach conepu to children simply by tell* 
ng or talking. On the other hand, child froms the concept 
>nly when he himself extracts it fom a ‘suitable group of 
txpcrience* which is the business the teacher to arrange. 
Skemp further adds that it is not a case of trial and error 
earning for great care u needed in arranging the group of 
ntperiences manifestbg a giten concept only, that is, “pxrU 
relc\-ant to the concept must icmnin the same, while the irr- 


clcvant parts cancel out”. Lastly, Skemp also cmpliasizcsthat 
children roust discuss and argue about the various pros ^d 
cons of the problematic situations. The most opportune tizne 
for the teacher to intervene comes when children in a group 
fail to resolve their conflicting opinions (13). 
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iloif oi Mel)ioJ< in Science CJiicaiion 

N. v»i'Jy 

Inirodoclion 

In Handbook of Rweareh on Teaching, N. L. Gage 
jay* ihat ‘teaching is an intriguing, important, and complex 
procesj'. ‘Because it is intriguing, it atiracts icientific 
attention.' 'Because it » importaiM, it tnerits careful 
researeli.' 'Because it i* complot, tesearcU on teaching needs 
many-sided preparation’ ( I ). We aie still at the beginning 
of the fint stage in our country because leaching methods 
arc about to receive scientific attention uhich tbev deserved 
in the past. Of course, there has been i.iiely wide spread 
awareness of the same But it is still true ih.st they continue 
to be opinion b.ised ratlier titan h>potheses setting and testing 
in character. Tlie word method has a latin origin which means 
'mode' or ‘way*. Here, it means methods of deliNCiing knovr- 
tedge and ttati<ntiiiiag of Kientific skills by a te-icher to hit 
pupils and their eompreliension and application by thecr. in 
the proerss of studying and learning science. Right at the 
scry l<5;inning, it may be pointed out that teaching learning 
IS a very complex process which comprises teacher* nudents, 
instruction.*! and illdstralhe material and the permissive 
atmospliere within the setting of a ichocj In a highly 
restricted sense, it mean* what to trach and how to teach it. 
Regarding the latter, 1. I>. Zviev consider* knowledge and 
skill* as thr Iwsi* of classification eifmethodi rcitiag on s'Ord 
(narratiwi), object (image) and action (motion) ( 2 ). Thus 
in hi* scheme, three corTOp<»,dx.g elasvf, rations of meibodt 
are oral, olncrvation and praaical. Wc liase dcuiled his 
classification as follows ; 
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(a) Oral Methods 

( i ) Talk 

( ii ) Narration 

(iii) Lecture 

(iv) Work at a book 

(b) ObserTation Methods 

( > ) Dononsiration of natural objects 
( ii ) Demonstration of charts and models 

(iii) Demonstraion of slides and CImi 

(iv) Chalk Drawing 

(e) Practical methods 

( i ) Conducting Obiervations 
( ii ) Conducting experiments 
( iii) Conducting relex'ant laboratory work 

Through oral methods (especially talk and narration), 
a science teacher can carry on intelligent and meaningful 
dialogue between himself and Jiis pupils in the classroom or 
even in the science laboratory. He c.tn develop ttvo eflicient 
techniques of teaching, namely, question amwer and discus- 
sion if he baset his oral methods of te.sehing on his pupil’s 
first hand (including background) experiences. Under 
guidance, even work at a Imokcan l>e made a fruitful activity 
in the teaching learning process comprising retelling of the 
text, explaining of pictures and sketches, putting and ans- 
wering questions on the pupil’s part, svorking out a plan to 
the text, looking fur additional facts at the school or the 
town and village library, and conducting an observation 
or experiment in accordance with tlie instructions gh-en in 
the t-xt Iwok (2). The weakness of this classification is 
that it dues not inform iIm* science teachers about the psycho- 
logical basis of science leaching for ditTcrent groups of 
children at various age levels throughout the Kbool, 
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:ondly, unfortunately we do not follow an> surli rl.usi- 
>t5on of methods in our country’. 

Probfem lobe Attacked 

(Functions of ^!<(tlods) 

Very few people in the ficW arc aware comrioiiii) and 
’licitlj at>oui the functions of various methods of leaehin-.; 
day to d.iy classroom tcachins- l-argcly ipcaLin^, s»-e 
d In follow the traditional approach rather than Oww ^reat 
icern for cxaminint; our traditional modes of thinking anil 
ini;. The result it that arty teacher can diircm raoK his 
(tern of liehas iour if compelled to do so To f^tjoie S’. P. 
alien and Kol>ert M.W. Trawn these are . 

1. Pattertu derived f\otji teaching traditions 

(Illustration ; A teacher teaches as he was 
taught ) 

2. Pattemi deiivnl fmm social karninjrs »n the 
teachei'a harkytoi'nd. 

(illiMraiton • A tsaeltes seinforresihe IvhaMO-ir 
of pvtj'ds »* as so deNeVip a 
miiMWlstt 

3. Paiiems dert'vd fjojn plid-W’iAw a] tradit o*iv. 

(IllnstTatlon ; lestlfr te.»c-h-’s tn arrrudanee 

with the liorhlr or Rouiwau 

*. Vaiterrs pnrerairJ hv tV srar’<er'i own nerxK 

(lllurration ; A irarher adopt, a lertner 
rtn-t'.M b-rau’o hr nerd, to Iv 
Srlf »««citJsvV 

5. Pailrrot pmersitvl !•» rrwK*il»on« cs.ivm; in I'l' 

*K» o».il and , 

(Iuu<rts!.m , iraihrt ro-vJutts V.;» f.^sv 
toe’s .n s.< h a wa. S4 l> 
prods «■ f •T~’vx! aoJ I.-:','*" 
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(lucipltnAl Leliaviour bccao« 
this reprr«nt» the patient 
trquircd by the principal- 

6. Pattemj derived from jcientIGr roearch nn 
learning (3). 

All the teaching method* in %'Ogue fall into tho^ 
categories. Wc c-annot judge the superiority of one method 
over the others in the absence of infomution available on 
'the patterns derived from scientific reiearch on learomo- 
In the present existing state of knotvledge. wc can only »y 
that whaie\-er methods and approaches to teaching "« 
employ, they must serve fully the aims and objcctit'es of 
science teaching and alto at the same time reflect the major 
trends of the teientifle revolution going on in a big way m 
our times. Or to put in other words, all methods,' techniques 
and approaches to teaching, cither in isolation or in combi 
nations, should provide ample opportunities to the pupib f-^^ 
realising the process objectives of science teaching which we 
have already discussed elsewhere in this bool. 

Their overall objective 1$ to develop reflectn'e 
atmosphere in the classroom and the lalwratery. | “ 
painful to note that In a survey report on Physics Tea mg, 
we found that the physics teachers hardly’ urn any vane 
In teaching like, teaching in a wider setting, discovery app- 
roach to science teaching, use of problem solving proccdu 
and teaching through individual and small 
are completely absent. His of interest to mention our 
evidence in this connection- 

Approaches to teaching 

Tl.c,e.|»n«. inJicK •!»> phyi" 
use any verieiy in the methods and approaches in their ay 
day teaching. They do not use any particular method. 
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cum demonstration method appears to be 

the most 

popular. Other methods vtsed arc 

mentioned it 

1 the table 

!i..n Irfow ; 

Approaches to teaching 

Frequencies 

Percentage 

1. Demonstration cum lecture cum 

illustration. 

15 

37.5 

2. Based upon Hetbartian steps. 

13 

32.5 

3. By group introduction and then 
removing (students) difficulties as 
they arise. 5 

12.5 

4. Relating scieniihc facts to daily 

life experiences. 

3 

7.5 

5. Questioning teachnique. 

3 

7.5 

C. Making use of the previous 

knowledge of the students. 

3 

7.5 

7, P. S, S. G. approach. 

3 

7.5 

i Laboratory and demonstration 

method. 

2 

5.0 

9. Inductive, deductive, analytical 

and synthetic approach 

3 

5.0 

1 0. From known to unknown. 

1 

2.5 

11. Posing a problem question. 

1 

2.5 

12. Through notes. 

1 

2.5 

1 3, No response given 

1 

2.5 


It it frost the above table in their approach 
to teaching of phyjics, netv ferment* are completely lacking . 
Teaching in a wider tetting, dbeover)’ approach, use of 
heuristic method, historical approaclt, teaching through 
individual and group projects and lastly the student-teacher 
planning, for example arc completely lacking in a big way. 
This situation can improve only if we improve the average 
quality of the teacher through in-service eduatioo, care to 

159 


dc\clop eiiucuional rcscarcit on method), male educational 
lyitcin Icsj rigid nnd icl Jrjgli alandarda of work (4j. 

Methods of Teaching Currcailf Afallable 

The following methods of science teaching at the 
higher secondary stage ha\c varying degrees of relevance 
for us in this country : 

(a) Lecture Method 

(b) OemOTUtration Method 

(c) Lecture cum Demonstration hlethod 

(d) Problem Solving Methods/Ducotery Approach 

(e) Project Method 

(f) Historical Method 

(g) Other Methods and Procedures. 

These methods are discussed theoretically, largely 
speaking, at the teacher training institutions. Students do 
not gain any proficiency worth its name on (d), (e), (f) 
and (g) methods. Attempt has been made in part III of 
this book to reflect the role of methods of science teaching 
in the scientific education of our young boys and girls in 
the context of parts I and II of tins book. A critical review of 
the current states of the role of roetliods in science teaching 
will sudicc. 

Concludlog Slatemcnc 

In our discussion, we have nut referred to rnethods 
like inductive, deductive, analytic, and synthetic, the reason 
being dial we believe thatilte inherent ideas underlying than 
can he easily kept at focus in the development of the lesson 
without suffering any loss of efficiency In the methods cur- 
rently 'avaiable. Historically speaking, science teaching 
began In England with lecture and dcmoiisiration raediods. 
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li universities neglected science teaching. The scientific 
vcnes, on the other hand, were made by amateurs like 
ndish, Priestly, Walt and Hcrschcl, etc. In 1884, H. 
rmstrong showed his extreme dtssatisfaction with de- 
tration method by saying that ‘listening to lectures 
teed little abiding effect.’ Project method is the product 
! twentieth century and historical approach to science 
ing was developed in a big way by Conant and others 
: 1950s. Of course, valuable, it has not caught up 
the teachers. 

We really do not know which of the methods is the 

All methods appear to work equally well when young 
ren exhibit too much eagerness to learn science. Tlic 
n for this is that the rcsearclt on thinking is not >et 
uiive enough to suggest an answer. General experience, 
ver, tells that pupils differ fiomeach other so they 

differently through different methods, individual ex- 
’cc is superior 19 the demonstration method if one 
iers the long term consequences of the lesson, when 
id on marks, pupils do equally well when taught by 
method as they do when taught by the other (individual 
Icmonstration); those methods which demands relJcction 
ever, small U may be) on the part of the student, and 
, methods which are based upon concrete experiences 
examples and individual and group conscious 

This, howeser, does not exhaust the methods a^-ailable 

the teacher. Examples are ; documenution method 
H engravings, diagrams, films, etc.) debating, audio 
I methods and indisidual and group methods. Their 
as not yet begun in our country but they offer immifite 
Jilities for capitalizing pupib* experiences for a high 
of proficiency in science. A student who is consulting 
honary, map, supplementary material and interviewing 
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imponant people from all walks of life (ofcoitnc, relevant 
to the problem under studjr^ fs doctiTnenting himself. He 
is thus face to face in a tru^to-Iife situation and is in his 
0%'m way and at his own level, he is trying hard to assemble 
documentary material which be studies and collates in order 
to show the interdependent links. Debating which as a 
method of teaching is tjuite pr^Jar in Englih schools deve- 
lops ‘integrity in research work, confidence in expressing »«11 
founded convictioru and courtesy in discussion’. The edci- 
caijonal value of this af^rnacis iacreAsei if debate is doted 
•with a cotutructise summing-up of conclusions'. Audio- 
visual methods are another example which brin^ current in- 
formation and teachniques on the cltcap into the classrirsms. 
The twentieth century student ‘may torn a deaf ear to a 
school which deprives him of such attractive means of rreevi- 
ing information'. Coordinative methods (field of infcrol 
method) awaken student's interest in science and enable him 
to discover hidden relationships, make and apply judgements, 
to see the phenomena ‘m their true mter-reUiioni rather 
thsui presenting them in the form vt artificial analysis and to 
clarify theoretical ideas Uifough firmly grounded analogies*. 
>*or a leacheo even individual and group methods have 
some rrlevanre. Through these methods, he can reach 
cfT-ctively iboee >»ho need bis help. In an overcrowded 
clus-ooci, chey feel ignored and consequently fill to bear 
ease and rjpporied in ibe school. A change foe them could 
tie given to make good the loss is pertnanendy Jovc. tVhat 
is ia store fir them due So ll.is cegfect is a general knowledge 
to all of us la this country. 

It b really disi-pofc’tittj W record th*t la tfii eountry 
we lave hardly Leyond tLts <! atk-Uik met'.M. 

we have V’j* raadeu-vt e/ confreiK H»d»£s ef 
lae we 1 ave not jer rirvef .qe-J sj*>i<mt.'/ Unh 
ai-i ! aiaatr This «ua i!o Iir’f'f 



crated in the country for tve are now having crash 
ams for the economic and industrial development of 
juntry. The job for us is clear. We must develop 
lethods of teaching tvhich suit us by even reconstructing 
ducational system afresh. Kothari Commission has 
d us a bit in this direction but much needs to be done 
rrying out research on methods on a large scale, 
not suggested that we should not benefit from foreign 
dence in this area of work. 
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cvAlualioo aaJ iMfSng In jcienre 

S. C. Dath 

1. The Examination Reform Movement In India 

Tbe Bacbgroond 

1. Increasing the content coverage in question papers. 

2. Increasing the proportion of thought-provoking questions. 

3. Increasing the proportion of short answer t)-pe questions. 
A. Introducing a fairly good proponion of objective.tvpe 

questioni. 

5. Aholiihing overall options. 

6. Having equivalent internal options (when provided). 

7, Getting detailed marking schemes with model amwers. 

8, Undertaking the analysisofpupil’sresponses at a recurring 
activity after et-cry examination to provide guidance to 
schools and paper setters. 

Ambitious ? Certainly not ! The Chairman and 
Secretaries of the Boards of Secondary Education of the 
country who met in a conference, the eighth of its kind, at 
Ajmer from December 27 to 30, 1967 cal) this the minimum 
programme of examination reform and certainly expen many 
more changs in much less time. We have become impatient, 
we ought to be. AVe cried for three quarters of a century 
for sotre change. But ti was all cry in tvildemess. The 
story of examination reform in India started only a decade 
ago. 

The Radhakriihnan Commission (19<9) e xpressed Its 
[«5 


strong distaste for the present system of eaxmination «ti the 
following words ; 

“If wc are to suggest one single refonn in University 
Education, it should be that of examinations” (1). 

The Mudaliar Commission suggested a detailed and 
improved scl>eme of exominarion. 

With this the lOO-ycar-oId examination system which 
was a British legacy approached its last days and the All 
India Council for Secondary Education which was established 
In 1955 took up the matter of examination reform. At 'the 
instance of this Council a seminar on Examination Reforms 
was held at Bhopal in 1956 which made valuable recomme- 
ndations. Dr. B. S. Bloom of the Chicago University svas 
then invited to this country for examining our examinations 
and for suggesting measures for improvement. The Chairman 
and Secretaries of the Boards of Secondary Education of the 
Country met in their first conference on examination refonn 
in 1957 and, lastly the Centra) Examination Unit was bom 
in 1958. Quickly came the State Evaluation Voitt and, 
thus, the much needed machinery for examination reform 
was set up in the country. In 1966 the Cential Examination 
Unit was merged with the Department of Currirujuro, 
Mcliiods & Text Book and the new Dq)aftTnent of Curriculum 
and Evaluation was constituted. Now it is again rechmtened 
a# Department of Text books at the N. 1. E. 

The ProbleiB 

' What was wrong with the examinations ? The number 
one charge against it was that it despetlcally controlled the 
school practice and thus gave out educational system a 
perverted look. We taught of examining and taught as 
dictated by examination. Thus the ‘good servant’ was 
allowed to become a ‘bad master'. 
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Examination is nothing but collecting and interpreting 
evidence* regarding growth status with a purpose. The 
system had hardly any purpose. If it had any, it was not 
related to the alms and objectives of education or to the needs 
of students, parents and the commumty. 

The tools employed were inadequate and faulty. They 
did not satisfy the criteria of satisfactory measuring instru- 
ments. The evidences collected were one sided. They looked 
at the exammee from one direction and ignored the rest. 
Thus, es’cn though the object was multidimensional sve were 
content with the measuring of one dimension (subject know, 
ledge] and described and certified him on the basis of this. 
Hotv long could the falsehood continue in the name of truth 1 
To be precise our examinations lacked the following : 

1 . Objective-oriemedncss. 

2. Comprehensiveness. 

3. Objectivity. 

4. Reliability. 

3. Validity. 

G. Accuracy of analysis and interprctaiion. 

7. Usability. 

\Vhat u most unfortunate is that inspite of all these 
serious limitations the examination system had immense 
piestigc and its verdict was honoured as xhe words cf Ood. 

Ibe rrostaooie 

The ten-year programme formulated under else advice 
and guidance of Dr, Dloom_en>Uaged tlic following : 

1 . Tl>e setting of signlGcnnt and realistic purpose 
and goals of kamuig. 

2. Tlie io^rsicc IraiBxng cf tathing personnel^ 
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strong distaste for the present jyjieni of caxminat/on in the 
foIJoxving svords . 

“If wc arc to suggest one single rerorm in University 
Education, it should be that of examiiiations’’ (I). 

The Mudatiar Commission suggested a detailed and 
improved scheme of examination. 

With this the t00'>'ear*old examination system which 
was a British legacy approached its last days and the^^ll 
India Council for Secondary Education which was established 
in 195S took up the matter of examination reform. At’thc 
instance of this Council a seminar on Examination Reforms 
was held ac Bhopal in 1956 which made valuable recomme- 
ndations. Dr. B. S. Bloom of the Chicago University was 
then invited to this country for examining our examinations 
and for suggesting measures for improvement. The Chairman 
and Secretaries of the Boards of Secondary Education of the 
Country met in their 6f$t conference on examination reform 
in 1957 and, lastly the Central Examination Unit was bom 
in 1958. Quickly came the State Evaluation Units and, 
thus, tiie much needed machinery for exaininaiion reform 
was set up in the country. In 1966 the Central Examination 
Unit was merged with the Ueparunent of Curriculum, 
Metliods «t Text Book and the new Department ofCwrrituJum 
and Evaluation was constituted. Now it is again rechristened 
as Department of Text books at (he N. 1. E. 

The Problem 

What was svrong with the examinations ? The number 
one charge against if was Owl Jt deipeiicaJly controlled the 
school practice and thus. ga*e our educational gystan a 
perverted look. We (aught of examining and taught as 
dicuted by examination. Thus the 'good servant’ was 
allowed to become a ‘bad master*. 
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Examination is nothing but collecting and interpreting 
evidences regarding growth sntus with a purpose. The 
system had hardly any purpose. If it had any, it was not 
related to the aims and objectives of education or to the needs 
of students, parents and the community. 

The tools employed were inadequate and faulty. They 
did not satisfy the criteria of satisfactory measuring instru' 
ments. The evidences collected were one sided. They looked 
at the examinee from one diieciion and ignored the rest. 
Thus, eten though the object was multidimensional we were 
content with the measuring of one dimension (subject know- 
ledge) and described and certified him on the basis of this. 
Hotv long could the'falsehood continue in the name of truth I 
To be precise our examinations lacked the following : 

1 • Objective-oriemedness. 
i. Comprehensiveness. 

3. Objectivity. 

4. Reliability. 

5. Validity. 

6. Accuracy of analysis and interpretation. 

7. Usability. 

What is most unfortunate is that iiuplte of all these 
serious limitations the examination system had Immense 
piestige and its verdict was honoured as she words of God. 

The Programme 

The ten-year programme Ibrmuiated under the advice 
and guidance of Dr. BIooin_envisa6cd the following : 

1. The setting of significant and realistic purpose 
and goals of learning, 

2. The in service of teaclung personnel; 


[67 


3. The development of internal and exiemal evalu- 
ation procedares to Krve these purpose*. 

These are the seals to which llie evaluation movement 
of the country ha* been geared during the last ten years. To 
be more precise the reform movement has the following 
major objectives: 

) . Clarifying the educational objectives in the 
various areas of study. 

3. Kelating evaluation procedures to the objectives 
and to the teaching programme. 

3. Constructing test items based on difTcrent objectives 
with a view to measuring them in a pure form. 

4. Planning a test or a question paper. 

5. Increasing the comprehensiveness of (he evaluation 
system fay improving the present tools and by 
employing other tools and techniques. 

6. Improving the externa] examination and reducing 
its undue weightage. 

7. Improving the internal assessment procedure, 
giving it more importance and making it serve 
education in an effixtive %vay. 

8. Increasing the comparability of examination 
results/scores. 

9. Improving the objectivity, reliability, validity and 
usability of e:xammations and tests, 

10. Improving practical examinations in science 
subjects, 

11. Improving the scoring, analysis and interpre- 
tation of examination marks. 

13. Improving the syilem of certihcalioa. 

The task is certainly heavy and U demands continuous 
and ivell.planed efforts and (he state units have done a 


good job within a very jhort span of time and’ the new 
concepts have been widely spread and accepted. State 
Governments, Boards of Educatioo, Teacher Training 
Institutions, educadonists, administrators and teachers arc 
now conscious of the limitations and actively coilaborating 
in the plannmg and implementations of various schemes. 

The Chairman and Secretaries are meeting almost 
every year to review the worh done and to formulate future 
plan of action. The staff of the training colleges, a large 
number of teachers and papei-seutrs have been oriented. 
Intensive training courses are being organiied. With a view 
to create a cadre of specialists in evaluation, research project* 
are being undertaken at different levels for diagnosing the 
weakness in programmes. Attempt is being made to develop 
diagnostic tests, objectlve^based test items end unit tests, and 
suitable literature on the topic. Schemes have been prepared 
for improving the practices of teacher training institutions. 
The Progresa 

It is difficult to give a detailed account of all the 
achievements in our multi>dimcnsionat approach to exami- 
nation reform involving diSerent stages of education, 
categories of runctinaries and aspects of the educational 
programme and plunging the entire country of the sice of a 
continent into the movement. Our progrns is so quick 
that the report of any day will be outdated the very next 
morning. However, some significant achievements can be 
listed as follows: 

1. The ideas have been widely accepted and the 
resistance to change has been Iragely ON’crcome. 

2. A large number of persons hasT been trained in 
framing test items and paper-setting. 

A pool of test items, unit tests and other tests 
has been developed. 
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The field has been flooded with cvaluatloit 
literature. 

5. Doard examinations have changed in their 
character by improving the questions and tljc 
certification procedures. 

The nature of change and the depth of reform is 
Iwund to vary from place to place and stage to stage in a 
sub-coniinent like ours which is committed to the 
democratic ts'.sy of life. We have states like R.sjasWpn 
which have gone aiiead with their hold experiments and we 
liave stales like Orissa which have so far preferred the 
pleaturc of traditional ways to the apparent dangers of the 
untrodden path. Uoi these imbalances and differences are 
clrsracteristic of all aspects of our growth and arc only 
temporary. 

/{. Problems of Evaluation In Science 

Tlte general policies and programmes of examination 
rtfonn luise touched the system m respect of tcienee too, 
and the following changes base come in svith inspect to the 
board esammations m Kience in one state ur the other, 

1. Inuodurtioo of objectise q'oestions. 

2. Introdutuon of more of short answer queuions. ■v 

3- Ictraiactioo of Internal AsMament. ^ 

The Presf*! Syite« 

^Vuh tie abose changes the present sysiens of exa."ra« 
catWm la scirace caa be desrnbed as folkrws. 

I. At the Hgh School lUge, in rorat of t‘je itaies 
cf the rjnem Krr»«, t-here U c«Jy Otse theory 
iij kVsu* rarrykg 100 taarlj wt’.oit any 
yT'-eiilTtf 'vacticsl rsa5i»a.»tj<‘S. In K-hir* 



however, there w some specialisation and there 
arc four papers. Physia, Chemistry, Biology, and 
Mathematics. Eighty percent of the marks are 
allotted to theory and twenty percent to practical. 

2. At the Higher Secondary stage both theory and 
practical examinations are held. In Bihar twenty 
percent of the marks arc set apart for practical 
whereas in Bengal the percentage is 1 8 2 /3. 

3. The theory examinations are conducted externally. 
In Bihar the system of imema! assessment was 
Introduced few years back but has subsequently 
been discontinued. In Bcng.il forty percent of 
the marks in practical is set apart for internal 
assessment whereas in Bihar marks are awarded 
by the external examiner only. 

4. In some states viva>voce forms a part of practical 
examination whereas in some other states only 
experiments are given to be performed. 

3. The questions are mostly of essay type Short 
answer questions are, however, becoming popular 
In Orissa ten percent of marks are set apart for 
objective tests 

6. A good number of alternative questions arc pro- 
vided and in some cases the total number of 
questions given is almost double the number to be 
answered. 

This analysis leads to the conclusion that even though 
ve have had a large number of workshops, conferences and 
eminars during the last decade for re orienting our exami- 
lation policy the discussions have not in all cases led to 
ound deebions. Tlierefore, the defects of the sjftem of 
valuation now in vogue are almost the same as talked about 
en years back. They can be listed as follows. 
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). li docs not <>wesf pupil's grrwth m respect of all 
the ohjeetives of science^education. 

2. It does not give due weightage to the various 
areas of the coune<ontent. 

3. Questions encourage objectively in assessment 
resulting in unrealiability of scores. 

4. Only a few questcons have to be answered which 
decreases the reliability of the lest results. 

5. Grading of pupils is done mostly on the basis of 
one external examination and the work done by 
(he pupil during the school years and his achieve- 
ment in previous examinations are almost ignored. 

6. Pupil’s participation in science club or other 
activities in which bis interest, ability or attitude 
get scope for expression and growth is not taken 
into consideration. 

7. A large number of alternatives reduc« the coat* 
parabiijty of the scores and disturbs the correct 
ranking of individuals. 

8. The classificaiion of students does not take into 
account the difficulty level of the questiorj paper, 
the pass mark being always fixed. 

9. In some slates there is no examination of practical 
skill at the high school sUge. 

10. The distribution of marks on the different parts 
of the essay question is often given to the examiners 
but the students are not aware of this distribution 
of wciglitagc. 

ETtloatlon of Reformatory Measures 

In view of all this, enthusiastic workers in the line 


72 1 



inly feel that the progress of examination reform 
very slow. This is probably due to the fact that 
for change has not been properly appreciated by 
rity of tlie policy makers. As a matter of fact 
and educationists still express doubt regarding the 
•y of the new system. From his experience the 
:b that this attitude is mostly due to lack of 
knowledge of the newsystem which is often equated 
introduction of objective tests of simple type based 
1 functions of a lower order like recall or rccogni- 
poor knowledge coupled with a conservative 
lai resulted in a recationary attitude againsi the 
ion reform movement in some cases, 
problem which is of great concern for she movement 
ack received by some of (he reformatory measures, 
abolished the system of internal assessment. In 
« ijttem was intioduced in she Pre-University 
But after a few years it was discontinued. 
« «ntrilmting to the fuiture of the systemshould be 
ttudied. 


"thtr r«o, ,1,, 

of .h« 

„lhor,l,„,h. .dvanugc, „d 

ko „r . di.,„„rf ,, 

! luom .„d,o,„ h,vins ,|,c 

0' me„,d rioobojl 


u 


* in examination reibnn 

> expose the hmiutions of the old 
tih' xilucaiionisis and 

m t:« juperiorit) of the s*cw. 


is. therefore, to 
rj'stem and to 
workers at all 
This can be 


do™ by eond,iclins Mudto on ibo rolubility “<1 
of traditional examinations and giving wide pn 
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Tho , Stability of iotootnl a>«»mont in Iho condidoo. 
obtaining in our schooh should carefully 
Thtototically ipoabing it » highly doiirable and y.t 
rcliablo rotultt. But thttc ato many wonkncitct 
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I. There is no attempt in our schools 

growth freqvtcntly and correcily. ^ ^ 
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In conjideration of all this, it is not wise to introduce 
! system in haste. Before introducing this the school 
iminalions should be reformed. It is satisfying to note 
It (he Extension Services Department of the Central 
stitute of Education in collaboration with the Central 
amination unit initiated a programme for improving the 
me examinations of twenty Higher Secondary schools near 
:1hi. Techniques should be devised to record tlie progress 
pupils in terms of the various instructional objectives and 
teomes. If the internal assessment mart it derived from 
:sc records the influence of undesirable factors will be 
inimiacd . 

Since experimental shill is one of the most important 
teomes of Kience introduction, even at the school stage, 
is desirable to have practical (Csu in the Board Exami* 
ition. 


Ways and means should be dexised for itnpioving 
c quality and precision of practical examination. The 
perimenu conducted in Rajasthan by the Central Exami- 
ulon Unit hat thrown light on the matter and the Board 
IS decided to reform tlie syttem vxith effect from the current 


Emphasis should shift from objective type questions 
<luesiioiii based on instructional objectives. Tlie various 
lijectisTS should have llieir due weight in the question 
iper. 

The present situation denunds a bold adveutureous 
liitudc for breaking away fiora traditional lines. tVe can- 
ot afford to be complacent in a matter which decides the 
itc of millions of pupils and which ultimately affect the 
iliciency of the m-schinery in administration, industry 
nd all other areas of she world of work. 


III. Characteristics of Good Evaluation System 

I. The CN’aluation system should be geared to well defined 
goals. The purposes for evaluating, the use to which 
the craluatloii results will be put arc basic considerations 
in the planning of evaluating programmes. This decision 
will influence the nature of data to be collected, the 
tools and techniques to be used for the purpose, the 
way in svhicli the lespnnja are to be analysed and 
reported. If a technique or tool serxes tlte purpose for 
which it is employed it is said to be valid, 

2. To be \alid the evaluation programme has to be compre- 
hensive. It cannot afford to neglect one side of the 
traitor aspect being measured. Comprehctulvcness in 
the domain of achievement has to be thought of in terms 
of the various areas of study and the diflerent dimensions 
of growth. Compiehcnsis'cness may also be thought of 
in terms of the use of a variety of appropriate tools or 
methods for collecting relevant data of diflerent types. 

3. The evaluation technique or tool should yield dependable 
results. Kven if it b employed on different occasions,* 
of course within a reasonably short interval, its results 
should help us in forming the same image of the test. 
This quality of a test is called stability or commonly, 
reliabdity. But reliability is often used as a genuine term 
and includes other concepts. 

4. Reliability demands that a test should be able to be 
. scored in an objective matter. Subjectivity introduces 

error into evaluation results 

5. Tlie techniques or tools shcnild base praetkabiliiy. If 
time, money or other factors nmlc Its use impossible, 
its otherwise hijh guali^ Is of no avail. 



Evaluation is a continuous process. I-ooking at the indi- 
vidual at intervals of 6 months or one year is not enough 
specially in the field of achievement If we aim at 
knowing the status of the individual at that specific time 
we may be satisfied with one examination at this stage. 
But in educatian examinations serve the more important 
purpose of improving practires, incicasitig rate of growth, 
diagnosing treeknesscs, strengihenmg lixe good elements, 
motivating learning and so on. Thus, more frequent 
examinations are necessary and, in the ide.il case, it 
should be a continuous process as in education, 

. Evaluation has to be a co-opcraiive process if it is made 
continuous and if comprehensiseness is increased Since 
the sources of data will be many and time of data 
collection is not fixed we base to depend on different 
persons and agencies for gathering all relesant data. 

1, Good evaluation procedures do not end with obtaining 
scores, The analysis process that begins after this, the 
uses of the results in a variety of ways, the comparison 
of results etc. are more important in evaluation, 

-ormulatlon and Analysis of Educational Objectives 

Modern evaluation procedures differ essentially from 
the traditional system in their emphasis on instructional 
objectives and outcomes as the basis of test construction. The 
suggestion of die American educationist Tyler marks the 
bt^inirig of this new approach in 1931. But it took two 
decades to realize the implications of his suggestions in the 
scientific development of evaluation toob in the field of 
achievement. Bloom’s TaxonoiBy of Educational Objectives’ 
in relation to the congnitive domain appeared in I9S6. In 
the same year another important book entitled ‘Speciman 


Objective Test 1 tons’ was also published b}- Gerbcrich and 
this presented a dincrent system of classifying educational 
goals. Even though Bloom was directly associated in the 
planning of the cvaluatiots movement in this country 
Gerbcrich I classification Itad more inHocnce on the Indian 
evaluation vvorkers. The two classifications arc as folKnvi ; 


Crrtiericb's Clssslflcailoa 
(Tliree domains) 

1, Skill s/ 

7. Knowledge ^ 

3. Concept ^ 

4. Undentsnding 
5' Application «/ 
t. Activity ^ 

7. .\!^reei.iti>'n 

? Altitude / 

9 Interest ^ 

10, Adjuit/nerJt 

y CerberKh’s eUit.Scatien refers to tlie ihrre ilwtuin*' 
/cortuuve, ci-aat<v« srd i0>et*ve In tl,,e ra/ly list* 
eusiiBaticD lefontn in India (ftem 1958) enipfaiU w>i 
given on two ifistructice.<t c-bVcino Knr>vtlet}/e a.'.d Apph* 
catLcvi. ThcfTfore, to the 3'Vorij‘i.ops, S^miasri, arul mKct 
cx'crsrs cffinted djrieg pcrio-i lhe»e t*o object. vr» 

were anal) >'d an/1 it>TS» were <«.iut.w:trd f,r Ciefi. 
Thi b reflecifi ia the lafian c.^lut -o liiersia.-r p-ih,' I 
so f*r. r«t q-lf reccaJr atteesp* t> teing H P.Trr.uU" 

».Tirf »£,»:ysc the pr^iLw »&! fJt/wirt 

o Las ra.fe ce W * i/wi'i .<f 

J. = ./ 

Z. ’J 


Bloom's Osssincatloo 
(Cognitive domain only) 

1. Know ledge v/ 

2. Comprehensiem 

3. Application ^ 

4. Analysis ^ 

3. Synthesis •' 

6. Evaluation 
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on this decision regarding the functions or uses of 
the test. 

B, Content 

In achievement tests content lias to be defined in 
terms of the objectives of instruction and the areas of 
study. So the objectives to be covered and the ivcightage 
to be given to each objective have to be decided. Similarly 
the weightage to be given to the various chaptercs of ihe 
I>ook or aspects of the curriculum has to be fixed. This 
content-objective analysis may be sliosvnin a two-dimensional 
than svhich may be called the bine-print of the test. 

C. Other details 

The foltosving factors may also be considered at 
this stage. 

I. T)lJes of (eM-items to be used and weightage to 
each. This may also be shown in the blue prim 
and in this case ilie blue print will l>e n three 
dimensional chart. 

2. Scoring scheme. ‘ 

3. lxf)<{ih of the tot. 

4. Time 

3. Arrangement of t'^t icems. 

2. Prrparieg the Test 

'flic tihj'Xtiies iocloded should be l/foint d'>wn into 
ieliavio-jraj fpcci£calior.s and test items should be corntruc- 
ted. Tbe of items to be wtitim should be more 

froushly IJ times) than the nuodjcr to be finally reUiwd. 

Caie »!«oU l»- taken to prepare of difTerem 

Syyr\. 

3. Tryag mt sad Urn AsaI.rsfs 

The fTea.'reieary ten fcas to le- avJm.-njaooed a 



( j ) difficulty level of each item. ^ 

( n ) discrimination index of each item, 

{>“) weaknesses in items. ^ 

■*’ of Items and Final Trial 

“nalysl,.' ’"7''“*''*' “f the above 

P«"aaa=clLi„.,rf "“'“'7 ""S'XXl-tadcnu 

.n7. “; 'T"' »<Pa 

i'»«ypc .1, WiniadLy, 

»“■ ■!.= .™= KqdImiVndr 1’”“" 

q«‘red and to eliminate weaknesses if any, 

■ "‘"“'^O-'ofmation. Analysis and Derira.icn ol Norms 

“"’Pifi the sire of “ representative 

purpose of the test AJh'"^ nature and 

»"d-rdited on?*, T"‘ 

" * »amplc of at least 1000. 

(*) nijiribuiioii of score, 

P) Messore, ofcemral lendenc,)/ 

I'") orvuiabilit,- y 

’“‘y and validity, and ^ 

(‘S' ^ 

local, regional, national norms). 

(81 


Sotncortlie Tindit^t may be graphJMlJy presenffd In 
the front of frequency pAl}:gom, hljfograjns, tumoJative 
distrilnition curs’es art! ogiies, A jeheme for the reporting 
of resiilij may be suggesird (profi)e). 

Implications of Slintitrditation 

Thus standardisation implies (he standardieing of 
(a) coiitent, (bj administration, (cj scoring and (d) inter- 
pretation. 

Reliability and Validity 

Reliabilif; 


The term reliability has been used in educational 
literature ns a generic term. It mainly covers three concepts; 
(1) stability, (2) internal consislencv end (3) inier*form 
consistency or equivalence. Since the concepts of consistency 
and stability are difTcrem from each other and refer to too 
distinct properties of the test the use of the \iord reliability 
for representing the two concepts is often a souicc of confusion. 
Some recent attempts at reorganiration of concept have 
increased the confusion. 


TIte follotring methods ase generally employed for 
obtaining iJjc reliability coeflicient of tests. 


Type of rellablUty 
Stability 
Consistency 
Equiv.nlence 


Method 
Tcst-rctcst 
Sptit-half 
Kuder-Richardson 
Para I Icl froms method. 


The stability coelRcient of good tests should be not 
less than 80. In many cases this value is ns high as 98. 
But tests with lower values are aot useless. If a lest is 
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meant for group comparison a rcViabiVity coenicient of .50 is 
toleraWc But tfie Kudcr Richardson coefiicienl (homogcncily 
cotfTicient^ may not be necessarily serv hsgh. When we 
include items in an achievement test for measuring different 
objectives there is deliberate attempt to introduce heteroge- 
neity The split half correlation in such cases is likely to go 
down unless special care is taken in obtaining two equivalent 
haU-es. 

Validity 

The term validit> has nevei been less confusing than 
the term reliability. The term covers many different concepts; 
concurrent validity, construct validity, face validity, content 
validity, logical validity, statistical validity, empirical validity, 
predictive validity, rational validity, factorial validity, 
Intrinsic validity, tie. In order to avoid this confusion 
recently there has been some agreement lu report only 4 
tjpesofvaUdvty-coniem, predictive, concurrent and construct. 

Validity coefficients are not expected to be as high as 
reliable coeHicieiits. In case of adiievetnent tests coment 
validity IS of primary concern. 

Review of Achievement Tests In Science Sundardlzcd 
in India 

The fust Mental Measurement Hand book for India 
appeared 2 yean back contaiiung pirtkcttUrs uf 32S vests. 
Of these, 100 tests are ui the held of latelbgence, 96 achieve- 
ment, 60 aptitude, 15 intcicsr, 45 personality and the other 
ten arc placed under miscellaneous. The number of lesis lo 
science is as follous. 


Sab}ect 

Chemistry 

Hvpeue 


Neesber «( tests 


Physics 4 

General Science 8 

Biology 1 

Total .... 17 


But the above list ts incomplete and many tests des'C- 
loped in many languages In many parts of the country have 
been omitted. To give one example, 10 achievement tests 
in science constructed In Oriya liave not found place m 
the Handbook. Most of the tests included-arc the out 
comes of M. Ed research. Some tests have been preparetl 
by Guidance Bureau, Departments of Education or Research 
Departments. Most of the tests arc not properly standar- 
dized. Some are incomplete and norms arc not available. 
In some cases the sample size is small ( 200 or leu) . Tests 
are generally not published and available for use The tests 
are meant for the fulloning classes. 

Class 

VI 

VII 

VUI 

IX 

X 

XI 

XII 

Only one of th<- tests is properly siandurdized. It» 
partkulari are at fsllows. 

liile— Atui.nmect Test lu 

rtssv. 

Authcr— K N. bjseiia. 

Cijs.— Vlll 

No. tf — 100 

■J 


No- of tests 
2 
3 
1 1 
3 
5 
I 


General Science P'r Delia 
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5. The use of these tests should be popularized through 
the extension scrv’iccs and through ex-students. 

Test Construction And Factor Analysis 


Factor analysis is a method of analysing the inter- 
correlations among a number of tests with a view to findinj, 
out or extracting a re\v meaningful factors which can explain 
the large number of correlations among tests. Factors arc 
hypoU.ctical structures which are didcrent from the concept 
of faculties. The factor analytical approacii is in conformity 
with the faith of scientists in general that an unlimite 
number of phenomena can be explained in lerms of a limited 
number of concepts or constructs. 


Correlalioti Coefficient and Factors 

racers ate postulattd lo l« .he primary toarcc of 
v.,l.s.ion in ovort boimviour. Thoraforo, 
cocfficicm bocomes lim rtsuit of such factors. I wo 
posses, one factor ,o .he ox.cn. of a. aod a respect, veiy the 
correlolion bcl.vcen them wiii be ax Jf .here are t 
common foe.on which are possessed by them to the » 
ota,ba,tdx,ym.pee.ively then their cortei.tion eo .m 
will be (ax +by) The. their is a mathemat.eal ml.....wtnP 
bciivccn coriclations and tJie common factors and l le 
can be derived from the former. 

Factors Analysis & P>ycholo8*«l Constructs 

The first psychological construct arrived 
maUiematical process of factor analysis was the g 
of spearma. HU method was subsequently mo i 
Tliursione who cstracicd a number of factors from i e 
of inte.-coneUtIous. The factors identified by h>m 
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Willard |. lacobfon 


Science Education Research is .the systematic study of 
problems related to education in the sciences. In these 
studies use is made of the methodolog ies of the social and 
psychological sciences. 

Three basic types of science education research arc 
undertaken empirical, historical and philosophical Ry fit* 
the largest number of studies might be classibed as empirical 
However, tnany would argue that tnott hi&totical and pht* 
losophical studies are needed if we ate to gain a mote 
profound underttanding of the nature of the problems that 
we face 

Empirical Studies In empirical studies primary data 
are collected In a number of ways. Among the data collecting 
devices often used are ; <|uesdonnaires, observation schedules, 
tats and attitude scales Often, these data arc used to accept 
or reject haypothesM 

In controlled studies conditions are controlled in order 
to try to discover the inSuence of one or more variables. 
In a classic design, two or more groups are equated with 
regal d to all pertinent factors and then the experimental 
group is given the cicperimenta) factor. For example, in one 
study the effect of opecxnded laboratory in>estigauo£w in 
science was studied. All Cscton bdieved pertinent to sciwee 
achievement such as the nature of the teacher, kngth of lime 
devoted to science study and amount of books and other 
resources available were controlled for two groups. The 

(SS 




gampVing procedares are used to deSne & sample that will 
give an accurate picture of the total population. 

Claaroom inttracUon stvdUt are studie* of the interac- 
tions, usually verbal, that take place between teachers and 
students. Sophisticated observation schcdutei arc used. Tape 
recorders can be used to record all vatbsl interactions. 
Various approaches have been developed for the analysis of 
the inicraciions. 

In concept dtfthpmtni siudiet an attempt is made to 
find out hovj children develop corveeptt over a period time. 
Very often, the data arc collected in the form of anecdotal 
records. Art analysis of these anecdotal records often give 
clue as to the nature of concep t developmen t. 

fflsfoncot s'udKs It has been said that, ‘Those who 
do not study hiuory are doomed to repeat it”, lliitorieal 
studies in science educauort are designed to help us learn 
from expenence so that we can continue to improve our 
efforts 


Among the difficulties Involved in historical research 
are tho«« of judging the reliability of sources. To the greatest 
extent po«ib!< we should tty to get our infoTmatlon from 
primary sources vjch as those individuals who were actually 
involved in an educational ersdeavoar or saw an even happen. 
Even then the hrstorian desires at least two corroboratins 
witnesses before he can feel very eertam about Ids iaforrai- 
tion. Often, howevtr, we have depcnl upon secondary 
SCpurces Then, we irvost cross-check in as many ways as 
possible the reliability of our information and rtate the degree 
to which we can be ccrs«a»bo»»i key safjrauion. 

example of historical studies in science education are 
‘The bisiory cfCam'eulun Devel>pmcT!t ia Science 



Education over a Period of Time”, or “History of Develop- 
ment in Electricity and Magnetism and how these were 
reflected in Secondary School Physics Books". 

Philosophfcal Jludies Many philosophical studies are 
analytical in nature. For example, certain positions in the 
philosophy of science or the philosophy of education arc 
analyzed for their implications Ibr the teaching of science. 
One such study was entitled “The Philosophy of Pragmatism 
and Science Teaching.” or, certain practices in science 
education may be analyzed for their philosophical foundation. 
Various approaches to |.iboraiory teaching for example, 
have keen analyzed for their plnlosoiAical roots. Among 
tl e most iirfOf tarn philosophical studies arc those that analyze 
various proposals for eorsistcncy and ihcir implication for 
prsetite. For exsirple, pioptsals Ibr problem solving as an 
approach to teaching have been analyzed for their implicalioru 
for teaching practice. 

trethm d'fnhKti Of special imfeitanec in education 
research is problem deCnitioo. There is little point in doing 
research just to do research. Instead it is much more useful 
to study pteblemi that have some sjgnUicanee. Research 
studies may have theotetical srgniScanees. tfat b, the study 
of a problem may help fill gaps m a Ueoretical structure. 
Or, research studies may havx practical significance, that Is. 
the results of studies may be useful to science teaeh^, 
supervisors or these vibo train science teachers. The following 
are seme of the ,=£oi£cst.t prcLlerar indemified in 
di-cossicn. 

l.. i> .U <.Ul.c« Ul..™ wo.t ^ 

in the early stag's ol her eivU-Uiion— went down very 
lo« deii; IjT .ja-bn o-=« «? » “'l ' 

EmTtrd extent at promt. 
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2. What is the relation bettveen cteative scientific work 
and education ? Why is original scientific work not of a 
very high standard in India ? Defect in school education 
or college education or both-ot social or economic 
condiUons. 

3. A study of change of attitude towards learning science 
from class to class or elementary juniot and middle school 
stage— Does interest increase or decrease ? Comparative 
study of a few schools. Docs this depend on teacher, or 
school conditions f 

4 A study of reasons s'udents have for choosing the 
science stream at (he high school stage. 

S. Study of the National Science Talent Search results. 

(a) The schools from which the award winners comc*arc 
students from the same schools getting awards 
frequently? If so-condilions of these schools'oppor* 
tunities*(eachers etc 

(b) Background of these students*does home play a 
important role ? 

Suggested BesdiDgs 
(Research metliodsj 

1. Best, John W. Research in Education. Englewood 
Cliffs, N, J : Prentice Hall Inc., 1959. 

2. Encyclopedia o/ Educatlonei Research, Robrt E, Ebel, 
ed. London : The MacmiilaD Company Limited, 1969. 

3. Jfondfiook o/ Research on Teoefemg. N. L. Gage, ed, 
Chicago : Rand McNally Company, 1963. 

4. Mouley, George J. The Science of Educational Research. 
New York ; The American Book Company, 1963. 

5. Sukhia, S. Melhotra, P, V hlclhotra, R, N. Element; 
of Educational Research New Delhi : Allied Publishers 
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Roscnrcli in Science EJneaftoo 

I. K. SexKl 

education in the modern world is taking new turn in 
both developed and developing countries. It is being 
influenced by many forces. T«o significant forces are 
the massive financial support to eduai'ioa, and findings 
of research on teaming. Hn incia l support has helped 
in ilic development of new currinitar programmes, Uking 
them to the clasuooms. The research on learning 
and teaching has given better imight about the learner and 
leclinifjues of leaching. Thus educators and scientist tried 
to find the ant'Aers of 'vvhat to trach' and 'how to teach.' 
Yet these dev'eJopment4) proiirammes have railed many 
crucial prohiefos, answers of which are yet to he /ought. 

If the purpose of ail the^ developmental programmes is 
to improve schevits and instruciem then research 
will l< a l>iiil<«ia programme of this whole process. 
Consequently We shall se^It ariswers of unanswered problems 
through res*srch Mieftael Young in this book Jawradon 
•ed Pesearch h Edecahos. (1963) has I4«f that, 
research, innovation will rcniaui lu’ject to fashion, liable to 
t»j swept away by ibe crsi cnthutiaii who can present 
Us proposal wish a show of cluruzcatie bribiaace.’ 'He 
fartliCT etnphasiaes that without revejreli, as innovator, wi.I 
never be able to democstrSic wstS any re*l Corency whetVr 
hu filth »» jmtXrd, tir wh.«i and ia what way.' Jt iiei 
esagreraliao to ijy tbrr /nea/t}. ii I inditsmai to ed i- 
'.il <Jev<I-j{r-7jc~?u} pregr^vas^-*, based 

■ “ ^ pccv^'Ti'Tjs.es shou? J is.fiStrd afcJ eac^j/sird 



so as to get mijiimum benefit and minimum wutiqe. I: 
this post Sputnik era it will be unwise to rely upon trial 
and'Crror approach 

Dtstlopotstil Pfostatntnes and Rc'eareb in Adiaaced Natioi 

At present new innovations in science education ni 
gaining currency In advanced countries such innovatioi 
have assumed the role of concerted eflorfs to provide qualilati' 
programmes in science- These curricular reforms inituu 
many new developmental programme-.. Mosi of tncs.- sciem 
curricular projects »ere developed first in U' S A., them ; 
\J. K. later on many countries of Aiu adapted and idopct 
ih'u material. Tlie<e innovatio ns incljde curneulu 
modemiaation, improvemenu in educaiionai researt 
meihodology, more use of V.nowiedje fro-n ihe field ■ 
b ehavioufal sciences, and the c<uttmu oav upqrad^ _ 
teachers through in-service programmes It is difTicu 
to deny the benefits of dicsc monumnual eliarts, but t> 
question “What is the impact ol these elToris on tot 
education of that nation needs an anvvver, Pella h 
very aptly mentioned many problems of similar naiu 
in science education. A few of these problems arc 

(a) What arc the fundaromial assumptions in lacn 
education ? (b) Wlut should be the programme for leach 
education in SciesKC? (c) ^^’bat should be taught and 
what grade level ? (d) AVhai i> the relacions'.up of teachi: 
to the level of pupils’ rasturit) ? iPella, l9-,5). 

Slrailarly Williamson hvt grouped these p'ohlc-'ns 
follows : 

(a) Issues relaicd to the purposes of Sden 
Educanoo. 

(b) Issues rtUied to the methods InvtrJtuims. 

(c) Issues lelatel to the vclecnoa a'-J 

ofcor.tep.v. r'~ ' 


(d) Issues related to teacher education, (WilHamsoi 

1966 ). 

Richardson and Houe have obsers'cd that our knoiv 
ledge ofproressional education is partial both in-its tbeora 
tical and applied research. Tor example, more definiK 
knosvledge is needed fn learning theory .and concerning fh< 
desirable and cffcctiv*: behaviour of the science teacher it 
the teaching-lcarrdiig situation (Richardson and Howe, 
1966 ). 

Such questions arc still awaiting accurate answers 
in Ihe advanced nations, where re$c.ircli is the main criterion 
to find the answers of problems This breaks the comp- 
lacency on the part of educators that the development of the 
“new curricular projects” has solved the problem of science 
teaching. As it appears to many that these vital issues 
could not be solved because research in science education 
did not keep pace with developmental programmes. 

Research uill help us in identifj’lng the deficiencies 
in the existing situation. To minimize these short comings 
and to set a nesv pace, research and developaientil 
programmes should go hand in hand. Efforts of this 
nature shall be instrumental in bringing a desired change, 
which needs areepisnce from the people working in iliat 
field. Acceptance of a desirable relation bct«vecn research 
and developmental programme is of basic iign(fic.ance for «H* 

In this direction many researchers have developed some 
models. At present C uba-Clirfc model of change it veQ ' 
popular. ‘It place research and development in linear 
arrangement. It begins on the left with research, carries 
tlirough two stages of devclopmeni (invention and design), 
two stages of diffusion (dissemination and and 

three stages of adoption (trial, iniullation, and iniiiiutona- 


lization)-’ Gideonse lias developed an out put model. 
‘This shows that the output of research, development, and 
operating educational institutions arc quite different, that 
performers of each of (he three types of functions have 
important contributions (o make in identifying proposed 
initiatives in their own sphere as well as all the others 
(Gidenose, 1868). 

Thus knowledge generated bv lescarch ivill strengthen 
the developmental programmes and in continuity it will 
upgrade the classroom teaching in different schools, which in 
due course of time will be a part of the school system- 

MeaaiDg of Research and Needed Areas of 
Research io Scieoce Ecueatioo 

The problem of research and development in science 
education is not so simple as it appears to be. Identification 
of vital research areas, development of reliable instraments, 
involvetoent of right i^Tie of people in research, and retrieval 
of educational research and other such issues are all closely 
connected with developmental programmes. Science edu« 
cation is a well recognised discipline and its problems should 
be solved through research- How sve define research, ivhat 
are (he needed areas of research in science education, and 
hoiv we can establish teUtionship bcetwecn research and 
development, are a few important questions, which need 
fuTiher discussion. 

According to Webster’s New IVorld Dictionary 
'researcli is defined as careful, systematic, patient study and 
invesiegaiion in some field of knowledge, undertaken tc 
establish facts or principles’ (WebiierT Dictionary, 1868), 
Tyler writes that the most acceptable dcCmition of rescareV 
is systematic study in sshich major generalizations and iht 
bases on which lliey are nude arc pabliciy reported in sue! 


a way as to permit independent wificatron. The object ol 
research is gencrafization, that is, the discovery of or the 
formulation of something which has wider applicability 
than a description of the particular case or cases which 
were the subjects of study CTyler, 1966). Coining to research 
in science education, Atkin has emphasized that research in 
science education is a branch of educational research, rather 
than research in the so-calle d natural sciences, or research in 
history, or rese arch in agricglcure, or research in some other 
discipline Or profession (Atkin, 1966). 

It is certainly this discipline svbicb needs a]] stimol- 
aiion to organize research and see its efficacy in classroom 
situations. Many dedicated researches worked in science 
education have established a few traditions for the improve* 
went of science teaching. 

Many analyzed research reports in U. S. A. 
have helped much in locating the direction in which research 
in science education is being attempted. They have paved a 
way to channelize it in right direction at far as possible, fn 
the earlier part of ibis paper some issues connected with 
developmental programmes have been discussed. These issues 
can serve as a base for further research in science education. 
^Vatson and Colley have mentioned a few signiBcant areas 
for research in science education: (aj The learning process: 
How cliildren learn and the conditions of learning, (b) The 
learner; How to teach dilTerent l)pcs of children, (c) The 
teacher; What tjpe of teaching style is tapected from a 
science teacher, what is the effect of teacher’s personality 
OR chi!dr«i etc. (NSSE, IPdO.j 

Tyler further meniions the areas of research in science 
educ.aiion as follows; (a) the objectives of tcience educati on 
\Vhat to teacli ? {b) the teaching learning process, (c) the 


Organization of learning experiences, (d) the outcomes of 
science education, tvhat is actually learned ? (e) the students' 
development, (f) the development of teachers, (g) the 
teaching learning process of teacher education, (h) the out- 
comes of teacher education, (i) the organization of teachers’ 
learning experiences, and (j) the processes of change in 
science education (Tyler, 1966). 

These arc very signifleant areas and need immediate 
attention of rc'Carchers. 

Strategics for DcTClapiag Nattoss 

In this context research io science education in Asia 
is not Ntry encouraging. Most of the research studies fall 
into three main categories. 

(a) Survey worV, which presents an idea about the existing 
status and helps in determining the nature of prevailing 
conditions, practices, and attitudes. 

(b) Development of new curricular materials. 

(c) Development of some instruments. 

A feiv examples of research attempted in developing 
nations will present a better view as reported in UNESCO 
bulletin (UNESCO Bulletm, 1969). 

1 . The Imptwemeni of Science Teaching in our Elementary 
school*. Shin sbiu, 1967, China. 

2. A Study of Scientific Ability. S. Muihulingam. 196S, 
Ceylon. 

3. An Intestigation into the Supervisory Techniques in 
Science Teaching in Delhi schools. Central Institute 
of Educadon, Delhi, India. 

4. Experimental Projects for Teaching Science and Mathe. 
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matics ai the Middle Level. National Institute of Edu- 
cation, New Delhi, India. 

5. A Survey of the Science Education Problems. Korea. 

6. Study on the formation process of childrens basic 
ccnccpts on science, 1968, Japan. 

With particuhr reference to India research in science 
education is in its embryonic tUge, Most of the research 
is conducted by the Science Department ofN. I. E. A few 
namplcs are : 

1. The determination of the place of science as curricula 
of schools and preparauon of the i>llabt for various 
levels of education. 

2. of piotol tt.l bool, -nd 
the pupils and teachers. 

3. OrfiRuirs of out of class activity of ptipiU in science 
by llllljo! KIOTO, dob. Jnd K.onco ojhibilioni of de 
ibm?. mido by pupil. (UNESCO Kopo.t, IJ^). 


A im other euaplei 

1. MatLeruuca and Science FaJocation m Indian SJiwIj- 

V. N. NVacelaio, 1965- 

2. Saney cf Pbvsics Teaching w Eaja.tlian .S'. Vai<l/». 
atd Saresb Chatarvedi. 196!. 

3. S’.Mdb cf Plans 111 Sc.erare. -N- Vahi-a a-vl 

J. K. Sor-d. 1968- 


Sa d<.‘.U sach ftvi.o h'l? d 

teacL vet c-aicH Ewre s r-ma i.i V> 

S-*h R-l-'s are « eas-re. Micy 

K.-iues ne-e atters.-xf! t-s fa-*^ I tV Uaiversity f" 
l.v Lir-'V s-s W .ya 


>; d .or. 
res^afh 

urtsr&ti 






4. Developing problem solving abilities and rational 
thinking through science teaching. 

5. De%elopment of proper (etching styles among science 
teachers. 

6. Preparation of new material for diflerent social and 
economic conditions. 

Our current resources in educational research arc 
unequal to the demand placed upon them by the fell 
necessity of much ie%earch. More funds should be alloted 
to improve research. 

Research in science education should be ‘highly 
operational, closely tied to teachers and ichoolt.’ More 
application of research findings to educational problems 
is needed. 

There arc, at the moment, not enough experts (lo 
des'cloping countries) in the new approaches and instni* 
cational technology in science education. Reiearehen are 
poorly (rained aud brute fact of the truth is that most 
of the science educators are ignorant about the areas of 
research, 

Ceocrrs, devoted to research, dcvelopittear, ianavstioo 
and experimentation must be created, wliere teachers can go 
for periodic upgrading in knowledge. 

It shall be highly useful to start Kience cducatiim 
courtes at Master's level, at tome places. 

A fesv Jounuls of lesesreh in science education iboulJ 
be itarted, whjch will help in reporting and diisemin-*tin< 
iafortoatica to (he prcAtfsiwL 

Let u» not forger ihat bo \hAj c^n irsth peophr to 
do research. Ills ensirOKciect which helps it d.-wloi>‘''-S 
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interest among the researchers, and step by step, pioneer 
researchers shall be available. There is a need of careful 
and planned approach to fill the gap. Research in science 
education should be an essential part of educational research 
if we want an answer of outdated, incficctivc science teaching 
in developing nations. The findings of research should be 
used in classrooms. Howe has very aptly said that Science 
education should he concerned not only with research, but 
engineering of research so that it can be translated into 
active use in the claurootn (Howe, 1966). 
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of seleoce nod of lie oiodei of seieiillfie 
inquiry. 


A nnyly coacehcd currlailum prescribes a 
style of teachlns consistent with the goals of 
Instruction and W/A the nature of the discipline- 
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Science EJiicafion in llic Uniletl Slate* 

I K. Seed 

Last two decades ha\-c witnessed an unprecedented 
de\'elopment in science tearhin^ improvement throughout 
the world. The United States has hei own history behind 
this international feature. Beginning from simple observa- 
tions of things to nature study, learning of science became 
fundamental, ba«ic and parallel to languages at the elementary 
stage. Preparation of tcientihcally literate ciiiten and 

h an old tlieme. Wary curriculum is being replaced by 
djTtamic, all inclusive curriculum. 'Explosion of icientihi 
hnowedge’ and 'fear of falling in obsolescence,' there bv. 
demanded new approaches to curriculum organization 
Major conceptual schemes as a basis of curriculum organiza 
tion is one of die many answers. A tired and ovrrburdenei 
teacher ii helped by teaching-machines, compuior assistec 
learning, plenty and varied audiovisual aids, self Icamioi 
iiuttuetional materia) smd many other such innovatjom. O 
course this is an application of initnsctiooal technologv- ir 
the idiools. riagei presented some ideas about the develop 
mental stages of children which were useful in planning fo 
learning and teaching (Piaget, 1963). Gagne suggests 
ideas alwut setiuencing of learning activities in Merarchici 
order (Gagne, 1964). The •strueture tiC discipline,* on 
cS die eCective ways of otganUing curTiculam is eeSpHatizc 
by ;^Pruncr (Bruner, )960}. Lvaluailna is a buUt-ir 
paogramme of Kienc* curriculum. Learoing oatc^nes at 


iharperning of creative a bilities art tlve mam aims of scie nu 
teacKTng.' ‘^etenee for inrorinaiion’ and 'practical purposes, 


l> 


described ‘beliavioiirally*. This » highlighted by Mager 
(1962), Atkin (1968) and Bloom ( 1968). Problem solvini; 
approach, discovery approach, learning by doing, invitations 
to inquiry are the popular innovations of post-Sputnik era. 


Skinner, Bruner, Ausubcl, Gagne all top psychologists 
helped in preparing science curriculum in collaboration 
willi Zaccliarius, Schwab, Karplus, Gleann Seabarg, and 
Garctt. It is difliculi to ignore tlic contributions of Huid, 
Jacobson, Renner and other science educators in this joint 
venture of preparing new curriculor material. All these 
achievements have rich and long past. 


,\nd the history nmj Hhc this. Ill 1872, Harvard 
Coliegc announced, the required practical work in physics and 
other sciences Tor college enicrance wiiicli was accepted by raoit 
of the colleges. Again in 1 887 Harvard issued a list of 
eaperiraents to be completed by high school students in 
physics. These syece pace seising initiatives, which were 
followed Iry most of the colleges. Later on emplisiis was Uid 
on cxpcrimenal work and provision was made for 
laboratory period. Teaching was for developmenl of tbiilkinJ 
rather then rrtemoriring. Where, when and under wlis 
circum.ta.ees vasioo, change, in school science subjeeh 
appeared itr American tchool. Irave been reviewed by many 


auUiors (7-14). 

In the early beginning of this century many slgniawiU 
changes occured Them was a rapid Increase m h.g^ 
school enrolcmcnt. Science subjects become terminal 
the high school sugc. It aho 

lory subjects for Oiose who will continue their * “ ' 

General science substituted Physical Geography as t ic 
jear subject for the four year Ksence sequence. 
publication of many reports on science teaching, heipe mu 
in the improvanent of teaching. ' A report on ’ 

• of Klence in the sccondaty schools was published y 



the sub committee of the Ckmunisslon on the Reorganization 
of Secondary Education of the National Education Associa- 
tion (Otis, 1920). The report indicated many weak points 

A committee of the American Association for the 
Advancement of Science in 1927 issued a report entitled 
On the Place oj Science in Education. This report emphaized 
the importance of scientific thinking as an objective of science 
teaching (Woodbum, Oboum, I96S). In 1932 the Thirty 
first Yearbook of the National Society for the Study of 
Education was published. Its impact on Science teaching 
was tremendous. Main infiucnce was on tcwelvc year science 
sequence, beginning from the elementary school and teaching 
was based on main generalizations. 

In 1932, a bulletin entitled tmirveilon in Science was 
published. In 1938 the commission on Secondary School 
curriculum of the Progressive Education Association issued 
a report entitled Science in General Education Another 
famous publication was Foriv - sixth Yeaibook of National 
Society for the Study of Education, in 1947 The main 
recommendations were as follows 

1. Science iitstruccion should begin ea tl> in t he 
experience of the child. 

2. All educatio n in science at the elemeiiury and 
Secon'^ary l.exels should be grncial.v- 

3. The development of competence in use ofscien- 
tific method of problem solving .md the inculca- 
tion of scientific attitudes transcend in importance 
Other objectives in science instruction (N'.S.S.E. 
1947). 

Since World War II many new ideas were included in 
school science-subjects. In the early fifties new technological 
discoveries and social changes highlighted the glaring 
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irwdeqoacjcs in school education. The result svas an ettensivc 
reduction in the ctirriciilum — lag bctxvccn the discovery of 
nesv knowledge and its inclusion in the classroom teaching. 
Recentlv many other factors have dem.anded sweeping changes. 
During 1953-54 Science Manposeer Project of Teachers 
College, Columbia Unhersilj, Nesv York, started a fe'"' 
projects for the improvement of science teaching. In 1936 
efforts were a foot to improve ph>'sics teaching in secondary 
schools of the I’nited Stales. The launching of Sputnik I 
(Oct 4, 1957) accelerated the pace of new science curriculum 
developmeni I’lntheT, a ix.o-year study on Soviet Wucation, 

j«sb!icly released ..n Sov 10. |•# 37 . cautioned the Americaai 

about their schi»ol education m general and science education 
m particular. rh.t 226.pagc booklet stated that iiudenis 
in the LSSR‘s lO-sear prinwrysecotidury education pmg- 
lamroe devote much more time to such subjects as 
b.ol'cjv, chemistry, inathetnaiics. and foreign language*. « 
RmsunHish 5-. hool Student attendi classes for six tlayl a 
..,d l,:71 

. )«,, .. f)i <■" 'I" S'"'™" 

((.aviaa 195S)- In s<uh iitcumstancci, science educilion 
leeameafta.i'eval tonieifi for .^foetlfJnl. .Ml differeot asfiectt 

f...ti .1.^ phd-pHv of 

r.r.Vrt. ’ 

rf",. ... CV..V .. ... -il... 

serv t'cjst « as well as fmdjriertd. 

l eaa te 


l>-e 


rr-ir--.> ijf t'-ese o-rr-cilam p'",rft ^ 

I r ,.u-) f-^A f Clert^a: t-ejs )' 
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At the second stige eftbrts were made to 'mpcovc the 
elementary school science The impact of “alpliabet’’ courses 
demanded a change at the elementary stage. After all, 
secondary education can’t exist in isolation. This was the 
beginning of many projects such as : ESS (Elementary Science 
Study), Scie nce — A Process Approach, prepared by the 
Atnctican Association for the Advancement of Science, SCIS 
(Science Curriculum Improvement Study), COPES (Conce- 
ptually Oriented Programme for Elementary Science) and 
many others. Attempts svcrc also made for a few High 
School Science Projects, such as ESCP (Earth Science Curri- 
cvtlum Project), HPP (Harvard Project Physics), tPS (Intro- 
ductory Physical Science) etc. 

This etolutionary process is going on but certain 
definite changes are visible. Science instruction starts with 
4-3 jears old children tn the kindergarten and condnue 
through twelfth grade. There are specially trained teachers 
or instructors to teach science in more or less all grades. Most 
of the schools use films, demonstration and otlier teaching 
aids (Jacobson, 6S). Sthoot slructures in the United States 
are 6-3-3 (elem'‘ntar^-.jnnior-higU-*enior high school), 8-1 
(elementary-secondary) and to a lesser extent, 6-2-4, 7-2-3 
and other local variations. At the elementary stage different 
disciplines are integrated .nnd at ten, eleven, and twelve 
lesels, students will study only one science. 

These nationally admired and internationally ackno- 
vi'ledged science course content improvement projects provided 
new directions. It is not possible to list all these projects 
but a brief summary of some projects is presented (24—37), 




Secondary School 

IHsloty of tbe Project 

P. S. S. C. Physical Science 
Study Committee ; initiated 
in 1956 at Massachusetts 
Institute of Technologj'. 
Materials released for general 
use in 1960, after testing. 


Curricular Projects 
Objectlres 

Studcnii shall learn basic pri- 
nciples of physics. To pre- 
sent comprehensive view o 
physic*, as seen by 
physicists. To present phy- 
sics as a system of inquiry- 
To dcxcicp an understanding 

that phjsics is n 

ever changing subject. 


SMSG School Mathematics 
Study Group •• initialed in 
March, 1958 at Yale Uni- 
versity. 


■o develop onaert»odi»S 
. 111 , in mathema*.- 
ieomage evpbralta 

,™,I,e,e, underlying loalhe- 

lalie, edneation. To foster 

search in tl'- '“''‘'"S 


BSCS Biological Sciences 
Curricnlnm Study : Initialed 

in lp59atBonIder, Colorado. 

Priuoipal originator i. Ame- 
rican Initliute of Biological 
Sciences. 


To improNe biological educa- 
tion at the higli school level 

To give contemporary Imo 

Nvledgc of biology which refl- 
ects Ilic structure of biology- 
Tlte emphasis is on 
msjor themes. 


CB.\ Chemical P<md Appro- 


Thc emphasis is on ideas, and 



Evalaation 


Charactcrbtics 


Seis of acliievenicnt tests arc 
being developed and used. 


Conventional classroom me' 
ihods of teaching and uclini* 
(^ues of evaluation arc used 


uses liat made substantial 
progress in developing and 
using tests that dcterniine the 
attainment of course objec- 


LvaluMwn is being made by 


PSSC Physics project was the 
first major curricular reform 
svhich gase lead to the 
Others. The Committee wa: 
of the view that the fiesh 
stait was the only sensible 
strategy for science curri- 
culum. It had tome specific 
plans for the icaclicr tiaining 
pK^ramiucs 

SKfSG has prepared sample 
text-books for grade K;l2i 
Major dilTerence in these text 
books is that of organizatlor 
.md nietliods of presenting 
topics. — — _ 

uses is wnieiue in that there 
are three sets of parallel 
material, Yellow Version, 
based on cellular approach, 
Blue on molecular and Greer 
on ccolngical. Funlvcr, there 
■s special material for back- 
waid children which is known 
»s l*att^ffi^ndPr ocesses o f 
Science. '1 he dev elopinent ol 
Second Course in biology i« 
another-elTort. 

Yhit project is no longei 


acliProjectimitiatcdin 1959 the theme of the Jdeas d 
Suromcr at Reed College. cussed in chcmicai bondin: 

TJic parposc of tjie laboratoi 
work is the exploration i 
ideas, the utilisation of exp 
rimcntal data. 


CULM Study Chemical 
Education Material Study 
initiated on Jan. 9, I9uf at 
the Unixeraity of California. 


ESCr Eartli Science Cunt, 
culutn projeet : initiated l>y 
the American Geological las* 
titute in 1963 at Doulder. 
Colorado. 

llPf Harxaid J'rojeet lliy 
lies : iniiiated ut 1964 at 
CanUidge, Massachtusetu. 


To diminish llic separtion hc( 
ween icientiiis and teacher 
in the understanding of jcir 
ncc. To develop an under 
standing on fundamental and 
unifying conepts of ciiembtry. 

This is based on interdisei* 
piinary approach (o seicnee. 
Ji gnes 3 comprelieas'ive view 
of the pl.met earth and its 
environment. 

To present physics Jn a broitd 
humanistic corttnt. To show 
eonrwcti'in Iset^een physki 
and man's other mielleewal. 
aithtic andioeul aefivitief. 


Conrlcultf PfO]«<u for Elementary School Science 


Urtacstaxy S:jeBce 
Si..d) r Isiuatexj fa 1960 at 
5£*isi<5a»cia. 


It surird to pr<>vJ.-« 

eJsniCTitary 

To provide a varkty of rar*' 
i.VaJiht oit aad * 


1 


vwUy TtpliTt* by te».\ cn^»gcd in production 
ch«t» and CB\ itafT. I ruteriaU. 


Trial cditiont ntrc used for 
ihrre >ean tin the baiit of 
which cQune material «at 
imprwttd. 


It dcvTluprU diflieitntial 
aptitodci te*t» f»f (dcne« 
Vnowledgt for judging the 
rlTecti^-eneti of the mairriaU. 

A aerie* of t«t» and tjueition* 
naire deaigned to detect the 
change*, needed tn ph)nc» 
teaching. 


It highligha th e dilTerenc 
among c>b*crvatioii<( aoum 
piion* or intcrpretationt I 
condurting experiment*. 
emplO)t the indacti 
a^rproach. 

li If accepted that tn*-^ 
gationt give better undmtai 
tng of the eontent. Her 
maieriaii are bated on < 
prtjencetJ eentered inijoir>-. 

It leflectt flottbdity *vtih 
gardt to empltati* and teat 
ing ttraiegie*. It Uicd 
p i e j c n t an alternate mater 
for pittuci itudenU to chi 
the derfimng percciuage 
iiudcnt* cflrnng phjxic* 
high achcroL 


lliere tt a cx^ruol gto«p. To upijrad? *;.ier>ce com 
I'red’.iafh p:t*cett i* in*t>gue ai *jl» at«53pt“d b\ ISS( 
f.«« r*»’alting bmAirt* at! 

fivnn l!>e |xK4n cf 
*»e>» teaciicn. 


I 


Scicncc-A Troces Approach 
developed by AAAS Comini* 
ssion on Science Uducation ; 
Iniliiiicd in 1962 ai Wash- 
ington, D. C. 


cores Conerptually Onen- 
icd rt«>graminc in Kletnentary 
Seimec : inituted in 1 965 at 
Ne%« Yotit Unherut> by 
Morns. H. Slumos & J- 
Dsnetl Uarnard. 

SCIS Scienie Cufficulom 
IjBjutnernent study : Intliatcd 
in 1962 at the Coisersuy of 
Cihlbrnia.lJefiley by Robert 
Karplu*. 


; srJsJtCff 
in 19‘© *'■ L'rb-iu*. 

1-, } JJ.f .tjAai-. 

r. 


Material is prepared to dcte» 
lop intellectual skills of child- 
ren. It emphasires on pro- 
cewes of science tltrough cs* 
perimentation. The scqueti- 
tJal ordering of Science process 
skills by increasing comp- 
lexity defines a hierarchy of 
skills for each process. 

To prepare an elementary 
prograrnme based on major 
concept. nr eoneeptual 

Kl^mes. Method, of invest.- 
gallons are not esduded. 

Main purpose of 
toiirses II ir> desel-^ 
lileracv. Jli meaning is 
fold; firit is to get lufTicleiit 

knwlrdge and underiUrdi"« 
t^lhe fjwUmetiuI concepts 

of both ihe biological 

physical sciences, frotul'-f 1‘ 
.hr«M devdop a f.-e 
.nrjuintive alliude sn.1 
njl proteda/es d«’i»;''0 

soakiog. 

Todoe!oi.a.'-'I 
,;.u tUi Ill' 

tA *a 11 is 


IKJ 



To measure competencj’ 
dexelopcd by each escrchc 
M scitnce Proctss /nstrument 
is used. Control groups arc 
also used. Teacher submits 
a feedback form and compe- 
tency measure results for each 
exercise taught. 

Test of Science concepts is 
used. Control group, feedback 
also in use. 


It is based on teacher obser* 
vaon, Isehaviour of children 
and behavioral outcomes. 


For evaluation purposes obj- 
ective tests and obse\ation 
scales are used. Pre and post 
tests are used. 


It is a major effort to empha- 
sise on processes of science. 
Eatcrciscs from many discipli- 
nes are included. Hicrachical 
order is based on the philo- 
sophy that higher elements 
cm be attained only after 
doing some work on the lower 

Its purpose was to test the 
feasibility of a conceptual 
scheme ^approach to curri- 
culum development in ele- 
mental y science. 

It is believed that science 
should be simplified for the 
eUtnentary stage. lu otganv 
sation should be different 
than the u>ual logical subject 
matter presentation. 


It emphasizes ihat certain 
concepts ate central to an 
understanding of astronomy 
by children in the upper 
elementary a grades. 



Common ElemeDls of New Science Courses 

A few common points emerge from these elTorts: 

1 . Public awakening and desire is needed to get better 
and efTectivc education. Many funding agencies gave 
massive amount for the development of new airricular 
materials. 

2. Never before university research scientists tried to 
prepare new materials in collaboration witli science 
teachers and educators. The objective was to make 
the content ttp-io-datc, its proper organization, and iti 
testing in the classroom. 

3. It was acceptable lo all that the purposes of science 
teaching are to prepare scicntiricnlly literate individuals 
and to develop the rational powers of the children. 
Content mastery, process acquisition were not » nly the 
main purposes but atiitudma! changes and career gui- 
dance was a part of it. 

4, Xjiboiatory work was the main theme of all projects. 
Inclusion of open-ended experiments helps in m.iintain* 
ing the spirit of inquiry. “Invitations to Inquiry” • 
highlighted by Schwab is a break-through in scienee 
teaching. 

Never before educational teclmology was included so 
heavily. Development of cheap equipment, preparation 
of kits, use of computers, programmed material were 
included in most of the projects. Yet lecture, group 
discussion and independent study were not excluded. 

6. Supplemcnt.nry material was prepared to substantiate 
the learning. Use of films, filmstrips and simulation 
was a p.art of tfie svhole programme 

7. Most of the projects included some programme for 
teacher ediicatlOT. To popul.irizc and implement new 
philosophy in Kietsce teacliing, the role of the science 
tcaclier, and his adequate training was highlight«<l 





8. The matcriali were subject to rigorous experimental 
trials. The trial editions helped in judging the efficacy 
as well os its feasibility. 

9. Most of the projects also developed their evaluation 
instruments for further improvement. 

10. A continuing rev ision of the scientific knowledge helps 
in climin.aiing the fear of using obsolete material. 

1 1 . The new curricula included 'concepts’ 'conceptual schemes' 
and tried lo present ‘structure of the discipline.’ This 
will help in avoiding the compartmentalised or topical 
approach to science cunricolum, ll is better lo under- 
stand the nature of science rather than understanding 
A few assorted topics 

Other Prograrnmes for the Inproremml of Science Educilion 

tXfier stiidxing all th^ curricular projects it is easy 
to generalize that it is » diKipline-ceniered movement, and 
a number of private and public agencies helped actively In 
the improvement of science teaching. A number of famous 
publications highlighted new strategies in science education 
and became a part of history. Jerome S. Bruner, who is 
a supporioi of ‘stmauce of discipline' in curriculum plann- 
ing .snd role of ‘intuition’ in lesrmg published Procest ef 
Education in I960. It is an oft quoted report of 1959 
Woods Hole Conference. It emphasises on the role of 
‘stnicture’ in le.sming and how it msy be made central to 
tc.sching. The second theme emphasises on some aspects of 
leadiness for learning. Jlic third theme includes the nature 
of intuition arid the last one is related to the desire to learn 
and how it msy lie stimulated. Bruners’ bold hipoihesis 
(one of the oft quoted isies). lefleeis faith in the abllit)- of 
children, ••that any subject can be taught effectively in sor^ 
iniellectullx honest frims to any child at any stage of 
ilevciopniem"- 



Mcnt coinprehn>iiv*e piihlicalion on science teaching; i! 
tiic Flfi)-Nlnth Yearbook of ihe National Society for th« 
Study ofWucation, ^art I, Jteth!nkl/tj Science EJucaiien. 
It gives ncav ideas about outcoinet of science cducatton, role 
of science in American Society, new ideas about curriculum 
dc\'c!opment, needed research in science education etc. It* 
impact is yci to be seen. NSTA published many documents. 
PJannlng for Exeetlenee In Ilfgh School Science (1961) and 
Tljcory into Action (1964) are worth mentioning. Theory 
into Action, gRNcsome ideas about the role of conceptual 
schemes in curriculum framing. The revised edifon of 1969 
included many construetKe suggestions given by many 
workers. A number of icxtliooks and teachers* manual 
developed by different agencies presented up-to-date content 
and emphasised on new methods of teaching. 

Edecation and (he Spirit of Science (J966), a NBA 
publication demanded new role of science in the American 
society. It redefined the values of science teaching; longing 
to know- and to understand; questions of all things; search 
for data and their meaning; demand for verification; 
respect for logic; consideration of premises; consideration 
of consequences. Other simitar publications helped much in 
improvement of science teaching. 

Role of Agencies and Professional Jouroals 

Many agencies private and public both helped in 
funding and providing expertize to the cause of science 
education. National Science roundation supported financially 
most of the curricular projects. It also helped financially 
the Summer Science Training Programmes, Science Teaching 
Centers etc. 

Professional agencies suchas National Science Teachers 

Association, Central Association of Science and MaUieroaiics 
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Teachers, American Association for the Advancement of 
Science, American Institute for Biological Sciences etc. 
contributed much for all that is going on in American 
Schools. Professional Journals such as: The Science Teacher, 
Science and Children, Satnee EJueaiion, School Science end 
Afaihemaiics, Journal of Research In Science Teaching. The 
American Biology Teacher, Science, etc tried to collect and 
disseminate knowledge to the profession. 

Establishment of (ERIC) the Educational Research 
Information Centre at Ohio Slate University, Columbus, 
International Clearing House on Science and Mathematics 
Curricular Developments at the University of Maiyland, 
Mid Contimental Research Laboratories etc., promoted 
research in Science education. 

The Fold Foundation, RocVfeller Foundation, Bell 
Laboratories and many oUier agencies helped in this venture 
of science teaching improvement- 
Use of InsitQCtioaal aids 

Use of instructional materials became an integral part 
of all science curricular courses m the learning process. Just 
to collect a few teaching aids in the school is an obsolete 
idea. Particularly at the elementary stage most of’ the 
material is a necessity for completion of tiie course Many 
agencies liasc dcicloped new instructional materials and 
laboratory equipment. 

Influences of programmed learning, teaching machines, 
computor assisted learning, education through television, 
films, filmloops cannot be o\eriooked. These aids helped 
the teacher in teaching and saved his time for creative work. 
SVinner and others emphasized on the use of programmed 
materials and teaching throughuiacliines. Teaching machines 
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Teachers, American Assodation for the Advancement of 
Science, American Insutute for Biological Sciences etc. 
contributed much for all that u going on in American 
Schools. Professional Journals such as. The Scic'ce Teacher, 
Science and Children, Science Educaiion, School Science and 
Afaihemaiict, Journal of Research in Science Teaching. The 
American Biology Teacher, Science, etc tried to collect and 
disseminate knowledge to the profession. 

establishment of (BRIC) the Educational Research 
Information Centre at Ohio State University, Columbus, 
International Clearing House on Science and Mathematics 
Curricular Developments at the University of Maryland, 
Mid Contimental Research Laboiatories etc., promoted 
research in Science education. 

The Ford Foundation, Rockfelier Foundation, Bell 
Laboratories and many odier agencies helped in this N-enture 
of science leacliing improsmient. 

Use of Instroetloual tills 

Use of instruetional materials became an integral part 
of all science curricular courses in the learning process. Just 
to collect a fetv teaching aids in the school is an obsoleie 
idea. Particularly at the cleraentary stage most of the 
material is a necessity for completion of the course M.sny 
agencies ha\e dcsTlopcd new instructional materials and 
laboratory equipment. 

Influences of prograinmcd learning, leaching machines, 
coiuputor assisted teaming, education ihiougii television, 
films, filmloops cannot be o\-erlooked. Tliesc aids helped 
the teacher in leaching and saved his time for creative work. 
Skinner and otliers cmplsasited on ihe use of programmed 
materials and teaching through machines. Teaching machines 
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help much m popularizini; the phiimphy of self learning and 
computors work as an tiuiomailzing derlcez. Tilins and 
television programmes help in explaining the underlying 
stmeture of many complicated things. 

Thus all these instiuctional aids help in expanding 
experience, clarifying complicated concepts and gh-e some 
personal significance provided all these viewed in the context 
of total programme of education 

Summary 

The purpose of this aiticle Is to gi\c, in brief, an idea 
about the development of science teaching in its hiitoricat 
perspective. The improvement programme is a continuous 
process which demands rigorous evaluation of the complete 
process and faith In change for the betterment. No doubt, 
in this post-Spuiraik period many sweeping changes were 
undertaken by joint efforts of many dedicated workers. The 
improvement programme depends on many significant factors, 
namely; how we look at science cdueation, public interest 
in the education of cliildren, availability of funds, priority 
to research and experimentation and sincerity of the 
workers in the field of education. The change cannot be 
effective only by initiating nesv programmes but it depends 
more on the new piacliccs svhich these programmes establish. 
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AufficlJ FoitnjAfion ^ricnre 
Tcflciiing Projerl 


lolroduclion 

Tlic Xuffield roundalion Science Te.ichin^' Project 
josc aj a result of wide spread interest .n ciirricul.un re- 

bodi« I ' was originallv fostered bs 

« tuch a, Association for Science Education and pioneer 
nork by various individual teachers. 

Ccatr^^^r!" General Certi. 

mlL - of three separate 

are ^ niology. Though these 

main? • , «.ence-,he projee!, have 

neth one another l»ein" gtooped to. 

r.XL,”'"':'™':'"’’ 

"mt™ „r ’ ' ' “ ’ """«««< » “n:r.l .y„d,ro- 

for: . " ‘"“O'’* of the three Numeld Courses. 

IJot tr?ar’ Biohr-y Course it s«s impor. 

assumptions made in other fields svere 

'* 

'■«. "'I' ty the tin,, it 

'•'"•'"■'KCroyi, _ 

■.tU'Ir™/”''''''” '■"“■“■'I Sri™"' T.tdtm; P„,>„ 

On r the reejuiremenu oftho^e chrid.-ea ivithin 


the age group 15-16 years who would normally ta^e G.C.I 
at ordinary level. 


Aims 

( 1 ) Its primary purpose has been to provide a sour 
introduction to modern science for those chidren wh 
will leave school at the age of 1 6 and have no form: 
science teaching. 

(2) As a secondary requircjncnt, It has aimed to provK 
a suitable background for more advanccd/spcctali: 
work. The aims of the course can be summed « 
as follows : 

(a) to foster and encourage an attitude of curiosit 
and enquiry. 

(b) todevelopa contemporary outlook on the subj«^ 

(c) to teach the art of planning scientific 
gallon, the formulation of question and desip 
of experiments. 

(d) to develop a critical appro.ith to etidencc. 


The NufWed Approach 


The prc«m .,ll.bi .tcla.Bdy commed “i"' 
guing of specific materials and staling concepts. c 
plays the dominant role. The NuOield “ 

rather manipulative and imcHectnal skills. « 
eou,K e.n»o. b. n.raori.cd from . book.<r.p.r;mtrt, m 
be done and nndenlood by Ihe pepili Ihem.elve.. 
„„de.,Undin. dee. no. eo„.e ben. , he forn-.l 
deM.ion, or .he worling «r eean.ple. 

„on,eric.l value, in .be fo.mob... 1. I. 

tnow the meaning of a fotmula and ..lure it com 

,ha„ ,o learn .ha. IbnnnU by bea.i. Tl.e atiempi n del P 
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a more contemporary cxpcriineiital and enquiring attitude in 
teaching and learning has demanded not only consideration 
of what is taught (although this is also important) but 
much more of how the teaching should be conducted. 
Through the medium of “Teats’* and “Guides” the aim lias 
been to show how a more experimental approach in the 
laboratory (obtaining first hand evidence) and a more 
critical approach to second hand evidence (derived from the 
literature) can lead to a more lively and truely sciemiGc 
outlook among pupils. 

The Counts 

The courses on these three sciences that has been deve- 
loped now is the result of a co-opeiative enterprise, not just 
the activity of a few individuals. Close consultations have 
always been maintained at every level of the educational 
edifice, particularly with schools, training colleges, technical 
colleges and University Departments. In addition, the 
materials and examinations have been subjected to extensive 
trills under classroom condition. In the light of all this 
flow of information, the texts, guides and Glms luve been 
extensively revised prior to their publication. 

The course is spread over five years. The first two 
years arc introductory while the re maining three are the 
intermediate phase. 

The Nuffield course have sought not so much to 
introduce new factual material, although this has been done 
to some extent as to re-orient the approach to that, which 
is already taught. This has demanded new teaching 
techniques and new hinds of resource matertaL Text for 
students wliicli is . geared to the Teacher's Guide and 



laboratory manuals liave been prepared for e ach ye ar of 
this course. 

For example ibe biology Course f.»lls into 2 parts. 

The first two )cars (imioduclion) coser a wide range 
of subjects from species and bacteria to shape and si/c. The 
remaining 3 jears in which the treatment is far more dci.uled 
and a bod> of emi'crical Itmwledije is built up. 

A lest and a leathing Guide h.isc been prosiuced fur 
each of 5 sears of the Course and these are muiudly 
clej^ndent. Tlic Pupit, Text combines vital infurm.alM' 
with iniirccnoits m liow to d., the feqiusiie csperimcnH. 
does rot gUe the answers but pose* the qiieilions that 
to be answeted in order ts ondeistaml the subject. Tbc 
Tejchers' Guide gisei commentary on inclbodi oftearhiej 
and the setting up of esj'eriments. It aho gives aberliall'* 
and addit10n.1l esjx-timents 

K"P'' J”" 

pr(«la.<d tjt the irutheri * Teachers' Guide anti a 'i ' 
esr«>«cts ( fill deud. -rd du?rem» 

) l.r ...I. >.< f"' 

aqucK/e., Us ihit u geared to ite Uac.Heis- Ouule and 
j’ttnii'S fariher a'-J filler pr 'bler.'.s for d.e f '^pd 10 
c«; m clatj « lUf.'irscii cr/n.imied In 
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references are often difficuU to fmd and even if availa 
their use by large number of itudents can place intolcr 
strain on school library facilities. To eliminate this diffici 
at the end of each chapter in students’ text in biology a 
pages of background reading have been provided, 
materia' is intended for out of sc imol nse and cove rs a g 
diversuy of topics each related to the ch apter pr eceding it, 

Film Loops & Films 

Visual aids play ati impoiatant part in llie Nu( 
course, 16 mm. sound films have been picpated for Ch 
stry and Biology. A series of 8 mm. film loops ! 
been prepared for Biology and Chemistry courses acci 
anted by teaching books. Most of thersc film 1 
are in technicolour and take not more than three mil 
each. The projector is simple to opei-ate and no blai 
it required. 

BacksTound Books 

Id physics there is one Background Dock desjgne 
use in year III. 

Apparatus 

Should ctiend knowledge rallier than simply ti 
SiudcDts can look upon them as a helpful part of the c 
rather than a hurdle at the end of it. 

Throughout the course emphasis lias been la! 
personal investigation by the pupils. So it is to be exf 
that capital and rccunent expenditure will be som 
higlier tJian for eonretitlonal course. 

In Biolosy the cost of the apparaius for tlic i 
for a cla's of 32 can be biolea down under 3 headings 

\a) Basic apparatus: ThU consists of major Ut 


equipment which are rcquireJ throughout the 
course. Microscopes by f.tr tlie most cxpcniire 
Item which would cost normally between 
£ 50 — £ 80 — per piece. But a Junior 
version of the microscope suitable for 0 — level 
Nuffield course has been prepared now at a cost 
ranginj from £ 13 -£ 33 — per piece. Other 
typical items under this heading include a refri' 
gerator, tneubator^ balance, centrifuge and 
thermostat water batii. 

(b) Capital Hquipment for each >car. In each of 
>^hc Cve )cars certain special equipment is required 
for the work of that )car. For instance an 
apparatus n needed m jear I for the study ®f 
earthworms. 

Kxpendable msleruls for each >ear such as 
rrjgents, cultures of plants, antinaJs etc. 


Jo I'fcyaJei 

SusK additional items of apparatus are necessary. 
n«-> are descrilted in dcuils m •'Tlie Guide to Apparatas-** 

Laaisisatioas 

If bu beru realised tf.at ibe luiure of cTumlaarwra 
would ultifoaiely deserinjre the success or fiifure of the 
ci.-urse- Tb.cTcr.'fe, tl^ ssjiure of examinaOwn has been 
changed. Tl.e trsd^tioBsl ty;«c ef iMpe? javoivin'f a 
F.n® q--e*ik«> has been replaced by ce* raHorT'j’it 

short 'fha JU» two a-Santires ; 

I If ?i»o a wii^r eooerage of i.‘*e s/ltsbiii. 

S It ;!'*'] » rr'»-«r senatj! ty in maxi..' g. 
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(a) Simple recall-based on factual material memmsc 
by the candidate. 

Q)) Association reealj-queslions demanding the associ; 
tion of one piece of recall irtformation wit 
another, 

(c) Experimertul recall-cooccmed spccialU with tli 
kinds of experimentation tshich have !>cc 
carried out Inr tlic candidate. 

(d) Experimental Design— involving ih- design < 
experiments to test p.«rticolar h\|sotiieiis. 

(e) Drducii\e-thc reading of graphs and tables, formit 
a*) ation of h>|M>iliesis fioin data piosidrd and tl: 

selection of the most likeK of a numbei t 
difTerem hy'poihmjs 

(f) Continuous Prose — a short essav of aitoui 23 
*» words intended to test a candid stes abiUu t 

express himself in his ossm words. 

This trrattgerrter.t it a matked contrast tii cxistin 
mination papers at O-lesel srhere the tioestirms are almo 
arinbly of tlte simple recall tipe. 

It will be useful to recapitulate the aims ofSu^tel 
indation Science Te.sthing Project as ttateil m i! 
gress Report of 1953 

The central ©bjettivr is s'Seknee f >r All*' -nmtrteif' 
the future tpecialist Imt for the fonsre ciiifon m t' 
er half of the twentieth emturs. The progTar-.m' h; 
n designed smtiaBy it»tti~KeTiJTait cn fmir broad seetjotu 
Viex for 11-15 sear olds, cSemiitry f.'r 11—15 sear olJ 
1og>' for 11—15 sear olds; and acicaer f 'r S-1 3 sear el; 
primats »fbois|s and ne>n-seVet.se seeo-.dars schi-»Ms. 
The aim in the test tJree secticra Is to p-tnuic an 
lied ranee cf tessnj tesiclire rejc-o-tes is j-bivc*. 


try and biology, designed by teachers for teachers. The 
material will be designed to be equally suitable for future 
science specialists and for those s»ho later specialise in other 
subjects or who leave school at the age of 1 6. It will 
intended primarily for use in the first four or five years in 
grammer schools and the upper streams of secondary modern 
schools, and will offer to all who might normally study for 
the G C.E. 'O’ Level (or Scottish ‘O’ Grade) csamsnation 
some insight into scientific thought and method. T 

appropriateness of the mateJtal for those pupils likelj 

for the new Certificate of Secondary Education will, however, 
also be carefully investigated (1). 
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The Education s>-steni m USSR i* uniform all over the 
Country and meets ihc rcriuircments of cUizens of all a^cs. 
It provides opportunities for evciyonc to acquire knowledge 
and improsc their qualifications at any stage Adult illite- 
racy has been wiped out m a miraculous way. Education 
up to eight yests of sch<v>hng is «<injpul>«iiv and encoutage- 
mcni is given so that all conipkic then ten years ofsrhnol 
education. All the Republics an USSR hftse a vide net 
\iork of schools and every attempt is made I" spread edu- 
cation. Over SO mill-un luve priinarv education- An 
ascrage school has jIxiui 1000 to 1 200 students with 40 to 
50 teachers. CrneralK <ii\ Schools run m two shifts, 
first shift from 8,00 .\ M. to 2.00 P M and second 2 30 
P M. to 7.00 P,M In geneial Scliools can be divided mte 
two categories : 

(a) Primary and Secondsrv Schools of general nature and 

(b) Specialised Second.sry Schools. 

<a> Priniary and Srcon4«ry Schools of GeoenI nahtre 

Ten years of Schooling can be dwided into two divi- 
sions : (i) Primary and (nj Secondary. 

Primary Schools 

Primary School is a x«rt of the Secondary and there i- 
!”■ 


no separate primary school. At present the Primary school- 
ing is of four years. In class one, the boys and girls are 
admitted at the age of seven. Only one teacher teaches all 
the subjects and in most of the cases the teacher is a fady. 
The following subjects are taught : 

First Grade : Reading (Elementacy), making of simple 
and complex ^vords, writing (elementary) and writing 
of alphabets, counting, simple addition, subitraction, multi- 
plication and division (within the limit of one thousand), 
construction and solving ot simple problems. 

Drawing : Nature (imagination-understanding of colours), 
physical culture, playing games and other activities such as 
music and reiving. 

The class ivork is for six days in a iveek and eaeJi day 
it is of four hours duiation. 

There arc facilities in all Primary Schools for learning 
dancing and foreign language and for this special fees has to 
be paid to the school by the parents. The teacher incharge 
of these classes gets extra remuneration. 

Second Grade : All the subjects mentianed above plus 
grammer (Noun, Pronoun ami Verb). 

Poreign Language and dancing are taught if extra p.iy* 
mcnt it made during the second grade. 

Working hours — Five hours for two days and four hours 
for four daji. 

Third Gride : rractio ns, m casuicmcnfa In metric syifcm, 
elementary geometry. 

Crammer : cases, forms cf verb*, lences, building 
sentence*, direction and eompoaition. (Together with all 
the subjects of second grade). Paciliilei for learning foreign 



language and miKic on cxtru pajment are continued at the 
third grade alto. 

WoiWing hours — Three daj-s of five hours each day and 
tlie Ollier three dajt of four hours. 

Foortb Grade : In (his class, <ltc orientation is towards 
preparing them for secondary school. All luljjecti of the 
fifth grade arc taught in an elementary manner in this dais. 

The subjects arc ' Geographs, history, biology, aiitn* 
nietic, Hussain language, music phtsical cuUuic and a fev. 
clement.'iry ideas of algebra. Adtance drawing related to 
draughting and designing sum 

N«!t t— Tlte Pritruey Rchool academic Ivuui i' of tliitiy 
minutes duration. 

C**co!tleBUr tcllrltlei dlTp? 

In the first grade the children of a class are dliided into 
four or fit'c groups under an orgaitation ' OC TV AhHVAT A*^ 
The main aim uf Otis is (o prepare the children to become 
good 'Pioneers’ later. Tbeae greups will be laelurge of 
leeping the class room clean, lieljMiig the teachers by bring* 
ing chall, dusters etc. and to cliccL wheiher all the children 
biing their books rrgulasly to tlic class or not etc. The 
childien cut interesting pictures fcom various ne>wpipe« 
and display them on the bulletin board Tl;e> al*j write 
small pccTRs and maVc caitoORs for diipjay, Hath withia 
the class-rooms and in the corridooii bulletin boards are 
fixed to the walls iu latge Durnben for such dhplay. Class 
rooms are always Kept clean and colouifal. Cvers Satanlas 
chiJdmi cclebiale the birthday rf thaae who are bora in that 
VTck. They also ctlelnate she birthdayt of great leaders 1 le 
Lrr.ln and eminent forts and vtiterv Natiurul }Vr..sab 



celebrated on 


like 7t]i Nov., First May and First Jan. arc 
a grand scale. 

Besides these, they also do useful work in garden in 
cloak room, in cleaning the scliool corridor and help in the 
dinning room (not cleaning the utensils as such of tvorfc 
is not allowed by doctois). 

In grade second and third they do the s.iinc 1)1)6 of 
work. In third grade the\ become Pioneers. 

Secondary £duearion 

Secondary education lias been divided into two stages, 
(a^ Vth Grade to VUIth Grade and, 

(b^ IXth giade to Xth gi.idc. 

S&bJ«e(9 (aaght 

Fifth Grade : Russian literature and language, 
foieign language (English Cciman, French, Spanish, Hindi 
and etc.), algebra, aiitlunetics, bo(an>, geography, history, 
physical culture, music, drawing, manual training {Car* 
penny and metal tvork tor boys, domestic science and 
tailoring ibr giils.) 

Sixth Grade ; All subjects forclasi five plus zoology, 
ph)-sics, world gcogiaphy. 

ScTcnlh Grade : All subjects of grade sixth plus 
geometry, chemistry and geography of USSR. 

Eighth Grade : All the subjects of grade seven plu* 
anatomy, ph>siolfigy {liuman), Iwyi do only metal work and 
tlic girls start nurses training. 

They ate examined by the board at this stage. Some 
of the students after eight jears of schooling go for Technical 
school Of some other courses and ihe re»t coulhinr the 
Higher Secondary Education. 



Ninlh Grade : All the sub jects of Grade Eigh t excep t 
music and bi ology Ip jua economic geography and. trigono- 
metry. Manual training is of specific nature such as radio 
mechanic, drivers work and automobile technique etc. 


Tenth Grade ' A\1 


snbjccu of nhieth gi adc plus 


At the end of the tenth grade students have to pass 
state examination and they arc given two certificates, 


(a^ ccttifyins his knowledge m the subject .md 
(b) certifying his technical skdl- 
After ten yeais of schooling they can cither go for 
Univeisity education, medical or any other higher institutes 
of learning. 

Co-curricular Actlrily There aie dincicm clubs like 
painting, archeological, sports and sociencs like Science, 
historical etc. 


Working hours for the garde Vth to Xth Each 
peilod is of forty five minutes duiation. Work is earned 
out for five periods on some da^t and for six periods 
on other days One day is entirely devoted for special 
training in workshop. Tliere are two terms in each year. 
The first term beings from 1st September and ends on the 
31st December. The Second leiro is from 15th January to 
31st May. 

The State exarmnaticins ate conducted in the month 
of June. I 

Teachets wotVing load, salary and riualificalioa'. 

In the Primary Scliools, a single teacher teaches all 
the subjects to a particular class and the work load of the 
le.acher will not cvcced 24 peiiods per week. If the pritnarv 
teacher has graduated fiom a pedagogical school his starting 
salary would be 60 KuUca jwr mootli-, if Ive has graduated 
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from a pedagogical institute the Jtarting salar>- is 80 Rubles 
per month. Tlic rriroary teaehen from Pedagogical 
Schools will have finislicd S year* of schooling and those 
from the pedagogical institutes will have finished ten years 
of schooling. 

Graduates who vase undergone training in a peda« 
gogicat Institnies for four or five years after ten jears of 
schooling are entitled to become teachers of secondary 
schools. The working load ts I S periods per week and U 
they work os’er-time esira reiuuneration is paid to them. 
The starling salary of a Secondary School tc.ichcr it about 
too Ktibles per month 

Seeoedary Scboof~ln order w meet the individual 
diflerettcet and fe<iuiferr>entt of talented children and ilow 
learoen, to s|>at out the aptitudes and abilities and olTer 
uaining acrordmgl) and also to tram pupils for profinsinns 
of National F.conoin). various type* uf tpecbl schools have 
been eitabhshed. They can be ciiuified info the following 
categories. 

{ I ) bpccial polyteehr.ical beboois. 

( It ^ Spheral S’.-h'jo.'i for gt/teJ ihilJ/ea 

(id ) Special Schools f-ir Pbysicall/ weak ehildten. 

(iv ^ Special Schools for incutalfy retarded ciiddren, 

( V ^ Paard-T.g Scho'-lt. 

(si ] Speoa! Schorls. 

{y'.i) tim Sci.fx/s, 

(i) Palytcehaicst Scboul 

in prTjfral aJi to fcaie 

t._j mcettaus a ho/ls frraieT fiae.hr.cs are prr/vi.b-d 
{ -f j. Ji ua— A sa'sVy of KiexMtrt heeri 

» l'i Ml fw f »}.» o/prod*i>«* 

ij l-» 4aiii te terj <lti-£.>e 




as to have a bearing on Naitonal Economy. The starting 
of such school is the itsult of » venwre o? school 

employees, patrons, Soviet industry and Soviet society. These 
schools have model study halls and workshops which are 
very well equipped. Managers of many undertakings and 
establishments as well as public are assisting in the task of 
building a polytechnical base in these Schools. They have 
provided automobile engines, lathes, djfiercnt agricultural 
machines and tools, cmemaiography equipments, textile 
machinery etc. The children in these Schools have ample 
opportunities to get training in factories or textile mills or 
in colleetivc farms. These industrial undertakings .and 
farms maintain close and constant contact with tlic school 
authorities and children. Even the methods of teachmg 
pli>sics, chemistry, mathematics, btologv, geography etc in 
these schools are oriented polyteehnieally. There is close 
co-nrdination between the theory taught and the practical 
work done by the pupih in industrial undertakings. Tcclmical 
circles, factories, workshop repair shops of tractor stations 
and out of school enterprises provide all reqiihhe facilities. 
Frequent excuriloeis and field trips to factories .vnd firms arc 
encouraged, kfost of sucli schools have experimental plots 
near by. Love and interest towards agricuhural work arc 
being cultivated among the students t»v inclucatiug concrete 
practical habits in their spheres. 

(li) Special Schools for gifled Childreo 

There ate five Schools in USSR specially meant for 
gifted childcm in Science. These schools arc Itvcatcd at 
Moscow, Leningrad, Kiev, Novosibrisk and Tbilisi. These 
Schools are for different regions of USSJkr^In an ordinerv 
School the gifted child may Cnd^<5i€,Vt>utirie' curriculum 
disinlercsting and may lose interefl.Jn ihc-Jeamirg a'pect. 
In order to make the curriculum quite challerglDg to the 



intercjts and aI)ifUic3 of gifted children special schools with 
special curriculum of high standard of certain science 
subjects like physics, inaiheinattcs, chemistry and biology 
have been started. In other subjects the curriculum of the 
school is tJic same as in ordinary schools. The combination 
of subjects speciality olferetl at these schools arc as follows : 

( i ) Physics and hlaihcmatics : Moscow, Leningrad, 
Kiev and Tbilisi. 

( ii ) Biology — Novosibirsk 
(iii ) Chemistry — Novosibirsk. 

Admission procedure : Only l>est students can aspire 
for admission in these special schools. A preliminary 
examination is held in the cities and to'vns where the 
student it studying. If the performance come to expected 
standard then the students is asked to take another entrance 
examination in the special school where he is seeking 
admission. The best out of these arc selected for admission. 
The examination is tx>th oral and wTitten. 

If progress of a student is found to be iins.itisfjctory 
he U sent to the oi dinary scliools. 

All special schools .arc boarding schools. 

(ili) Special Schools for Physically weak children : 

There .arc number of such schools in USSR. Tliey 
.are boarding schools of sanitoiinm type and are loc-ated in 
the outskirts of cities where best environment for the 
improvement of health of children prevails. The main aim 
of the school it to provide expert medical, psychological and 
educational guid.ince to the children who are ph)sic.all>' 
weak. The pupils receive education and acquire working 
habits for participation in socially licnificial product!' c 
J.xbour wifli their pecaihrieles taken into account. Here 



Iiealth is not defined as absence of disease bui as something 
positive. The care bestosved by the authorities on the 
children is so good that inany parents desire to send their 
children to these schools. 

(it) lioatditts SchooK 

IV)arding schools are the genera) educational and 
leaching insthution of a new tvpe. Theie me number of 
boarding schools in all the repuWics of USSR. In these 
schools tnore propitious condiCioiis Csr acquiring of Secondary 
and Polytcchnical education, bringing up m the children 
high moral standards, providing of good physical and 
esthetic developments and pieparation for practical activities 
in the various brandies of national economy are created. 
To achieve these objectives the boarding schools in its 
leaching and educational work consistently couples school 
actlviiiei with life and unites education with ihe practical 
habits of independent woik and application of 
knowledge arc acquiicd by the students. In teaching and 
education work of boaiding schools the training is ccffnbined 
with social work, wuh tlie di\«ts«y of working activity of 
pupils by elementary types of self service and economic 
domestic labour, children’s participate in productional 
labour svorkshops and undertakings and collective 
farms. Here the age peculiarities aic taken strictly into 
consideration. 

(t) Special Schools for meotall; retarded children 

Children who are menially retarded and whose intelli- 
gent quotients arc low are admitted to these schools. The 
mam aim is to mininiise the abnormalities in these children 
oud make them fit to take up general education. The prog- 
ramme of instruction in these schools is entirely diherent from 
other schools and is mostly suited to individual needs. Esrn 
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tlic teachers who train these children have a special course in 
a faculty of the I’cctagogical Institute. This faadty is known 
.as the facuily of defcctology. 

(fi) Spcclai Langaagt Schaoh 

There arc some spctual schools for teaching foreign 
languages like r.nglish, French, German, Spanish and Hindi 
etc. The cum'cHhim in these schools is the same as the 
other Secondary Schools in regards to the other subjects. 
Tlic children have facility to studv one foreign 
language to a greater depth than in other ordinary schools 
(In all schools of USSR, children study their Regional 
language, Russian language and one loreign language). In 
these scliooh the foreign langu.-)ge is taught fiotn the Second 
grade (eight years of .age) and in other ordinary schools 
tJie foreign language is commenced from the fiftli grade. As 
far as the foreign language curriculam is concerned it is 
richer than the one in ordinary schools. Besides, some 
topics in chemistry physics etc. arc taught using the foitign 
language as the medium of instruction by the respective 
foreign language teachers, although these topics .are also 
taught in Russi.vn and in regional language. 

In some schools experimentation is being done by 
teaching subjects like physics fully in Cnglish from the sixth 
sundard. 

(til) Collective farm Schools 

These arc generally bo-^rding schools started by cotir* 
Clive farms and run by the State in collalwation with tolfe- 
ctivc farms. These arc located very near the farnts. The 
collective farm out of its pioceedsofincomej builds buildings, 
the school teachers aie appointed by the government and 
the reairriiig expenses are fully iwt by the government. 
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E\-ery year the collective f4rni aUo gives a certain percen- 
tage of us income to the school ant! thus the School has 
extra advantages and grows faster 

General Information regarding (he Secondary Schools 

A uniform state system of public education has been 
esiablislied in USSR consisting of the following main cate- 
gories. 

(a) General Sccondaiy education wnli a variety of 
Schools. 

(b) Specialised Secondary education, 

The chief aim of the gcneial school is to pieparc the 
cliildrcn for independent life and socially useful woik. They 
also provide the backgiound knowledge which is ciuitc 
adcnuaic for continuing their study at higher institutions 
0 learning. The general sccondaiy schools give education 
<0 el.ilJren from iho oj; of c,jhto-n. 

The coune of study in the highest classes (IX and X) varies 
dcjicnduig upon the geographical, economic and social 
aspects of the region in whicji the. School is situated. Schools 
in farm areas for ex.iroplc link up ilieir pracucal and theon- 
^iMl training with agricultural pioduclion. There are 
Schools that place special emphasis on maUicni.Ulcs. chemi- 
*tr>, biology, foieigii language and music etc. Special even- 
ing schools arc run for young factory and farm workers who 
or ccrwin reasons were unable to complete their Secondary 
educational t)5tem developed in 
tSSR has produced millions of well informed ciiirens m a 
lort period. Every citren can be said to be rnVnr;jf«,7y 
Iterate, refenre Stream Is obligoiory for all studciiu in sccon- 
•tO- schools irrespective of wbai ipccialJsaiion thev- intend 
later. 

Uic cuiriculuin in Secundary schools in all ilie repub- 
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lies of USSR is moie or less similar and a student stud^in; 
in a school of one republic will not ha\c much difficulty 
when he migrates to a school in another republic. The 
Soviet Academy of Pad.tgogj’ at Moscow prepares llic curri- 
culam for all the republics and these are adopted with minor 
changes by die republican academics of pedagogy. In Russian 
federation the children study Russian Language and any 
one foreign language like nngiish, German, French or Spanisli 
etc. In other Republics the children study Russian, their 
regional language and any one of the foreign languages 
mentioned abase. It may be noted here that these childicn 
learn less of Russian langu.igc than the cluldrcn in the 
Russian Federation. 

In some of the schools general recondary education is 
coupled with a specialised sccondaiy cdiieation also. There 
me net work of urban and lural school in all the republics. 
Whether the school is located in a vill.ige or a cityi “ 
provided with good buildings and standaid equipments to 
provide a rich and useful prc^ranimc of Instruction. TJicy 
arc more or less standardised in regard to equipment, library 
and dimensions of class rooms, laboratory and workshops. 
All schools have well equipped laboratories and workshops. 
In general there are two departments in each workshops 
attached to the Schools. These are carpentary and nwlal 
shop. Each of these sections arc supervised by qualified 
instructions. Encctivc training is given to girls in difficrent 
brandies of domestic science and many Kwing machines arc 
provided to each schools. Besides tliese girls can get go«J 
training in typing, nursing etc For all these types of extra 
training special certificate* ate awarded to students on s.Hi** 
factoy completion of die course. Tliis can be considered as 
an emplojnieni preparatory course in the school for I'C 
children. All audio-visual aids and equipments needed or 



programme instriictioti (radio, tcIevisJon, tape recorder 
projectors etc.) are provided in all the secondary schools in 
UibR. Some schools have even planatorium and the 
children have opportunities to study abst.aci tilings in a 
concrete way. 


The Science clai, rooms ore designed and egnipped ,n 
way U„t they serve as lecluie eum Ulmrator.es, The desk. 

»r the s.ndem, ore Sited s,i,h ga. and sva.e, eonnecdon in 
emistry, in Physics with electrical connections both A.C. 

• C. In all the laboratories and lecture halls the 
leicmiSc atmosphere prevail The advantage of this type 
. '"“7 ” '**’'*" ***' ‘cachcr is explaining .» 

Jcientific* topic by demonstration method, the pupils can 
umii laneously do the same experiment and Deisey's plulo- 
»op ly of learning by doing i$ implemented Chemistry is 
' ’at chemist do and the investigatory .aspect of iMrning 
« cnee „ promoted by this technique. Each class room in 
nee las an attached store cum preparation room and aho 
Miance room 

Tlie Maihcmatkal Section of ««,« school have comput- 
i^gjemres itafled with engineers and tutors Matlicmauc.s 
ght a» a practical science .and many student 
now ow to work on electronic comimtcr or calculating 
machines. 


ASdiocl Ubrary has about I 2.000 books. Tins curri- 
rollfi* schools generally provide for tlic 

Mowihg schocl .i„. di.Wb„,i„ s of rUs, room 

hist language, liicraiun:. 

. ’ ^'c^y study, geography, foreign language drawiii'', 

music.) o O a a, 

of Cla,s room time goes to natural sciences and 
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mnilicinaiics, Physics, CEiemistry, Astronomy and Technical 
drawing. N % of the das* room time goes to general tcchno- 
logy subjects, labour cditcation attd «Jp bringing of 

Class room time goes to sports. 

All the sobjecls of the curncnlnm In a Sccondsfy School are 
compulsory 

Besides, to meet tlic indUidu.il iiicliiMtions ami interest 
of the pupils and to foster their capacities and lalenis, pro* 
sisions have Ijcen made for selective, optional snhjecli dealing 
isjih the spixific problrmt of tcienec teclmology anti arts. In 
school] meant fur indusirul ami agricidniral svnrker* liie 
weekly class room time amounts to 22 hours, incIuJinS 
hours for general education and two hours in subjects tele* 
\am to %ocaiioii.tl training of llic student 

'Ilie curricula of secondary schools give an idea of the 
sonient of cduvaiion, Ihe currutila defines pratlical skills 
to br mastered by |<upiis in tiie piccess nf training. 

AH the secondary kKo'-Iv have a headm isier who I* i'* 
<lurgc of ikc academic and rl.e tiimtnhit^tnc ai;ieer r-f the 
school. He is assisted in l>»s duties by a number of pad.s* 
gogxiil prjsoujl .and h»mi oftlese pupdi have hi<fier rda* 
caiH-ii »n padari^ical iwt;tu*es The hcjilTi-iiter t.lrterves 
ibe irash.s'r tf La coolleag^^-s m-Vr ar-t t’^cn and •u-'^e.ts 
pioctna! £a tr jf oveca'iit tf reaclan-^. 'H/: jen,- 

t'aj Lie that t< Kr*d£&*»icr are «nUu»ortl m the 05^*1 
ex;»'rl'ij'cd ar. J willed ta< ry tut J.'-c>e d ii-tt 


ihc good ^\-ork done by a sdiool orliy teachers so that these 
healthy pratikes arc spietd fiwn one school to another. 
Groups of public inspectoTS ansi instructors m mcthotls, as 
tvell as experts in public education, ictcnltiu and teachers of 
high schools li.tve I>een established at the distiict, rcgion.'il, 
city icrrilOfial dep.irtmcnts of public education and ai the 
ministries of education in the union .inj nLitonomous? 
republic to promote the growth of education and schools in 
methodical rn.mncr. Advanced padagogical methods in 
school practices have helped the teachers to improve tlie 
content organization and methods of education. The fact 
that 37% of the state and the central budget aie detnted 
to education shows ihe iinpori.inio aimched to pultlic edu- 
cation in USSR. 

Each school has two committcci to assist tlie aullioritiei 
(1) rtttents committee— This committee is elected in the 
general l>ody meeting of the parents in the beginning of the 
year, this committee co-opcraies with the school m making 
all educational programmes highly effective, and (2^ 
students representative committee-- Latter committic is 
invoked in maintaining school disciplJnc, co-curricular 
activities etc. 

The following data illustrates the excellent progress mark 
in public education in US.SR and Its republics : The nurnber 
of those studying in Union Rqwblics (in thousand) . 
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Eitra curricular activilici have almost become co.euiri 
lar because of the great role they pUy in developing the 
Jttics stills and attitudes of ehildten and meet the various 
tds of the child in cultural, socUl and scientific fields, 
fat importance has been bestowed on many non school 
ahhshments like pioneer palaces, regional city centres, 
ineer houses, pioneer camps, centres of young naturalists, 

' rens cxcurtioiwjt and tourist stations and bases, children 
dwni. palaces or sports and recreation parks. There is a 
cial unit called young technician’s centre which aims not 
y promoting interest but also in making the pupils attain 
ciency. These non-school establishment have close 
fflecu(^ with schools. In all the republics of the Soviet 
■on there is an extensive net work of such centres for 
Mmions of school children use their out of school 
m interesting and venatile activities. This kind of 
r promoting the hobbies is gaining momentuca and 
see parents coming with teen agers in the 
opportunities 

ntifi P««o“lity. EducaUona! establishments, 

c «nd technical personal and public give both moral 
material help to create favourable cundilions to foster 
telL"^ **** talents of youth. Most of 

hese ^ y^trth utilise their time very effectively 

eoedu ^ * number of olympiads and competitions 

Itefieirof^* ''anous levels not only in sports but also 
nee ^<nilstry, physics, mathematics, biology home 
e varitia fif ^ *“** relating to e 

‘«s. Th are attached to each of the pioneer 

^ e<3ui neA establishments abo have very 

^^/**°^***' workshops, tailoring section, 

‘tCi cookini pltotography section, cosmonaut 

»lmosf ^ '■atlio and television engineering centre 

to the level found in a well equipped 




technical school or a college. lo USSR, thwc are about 
3334 palaces and houses of pioneers, 3S4 young technicians 
centres 287 young naturalists centres,, 174 excursion centres, 
2217 children sports Schools, M7 children and youths 
theatres, 182 children recreation parks and thirty three 
childrens railway lines. Works of iiction both Russian and 
foreign os well as periodicals and magazines on science 
technology mus^c etc. are avatlabie in these centres The 
children books publishing 1tou«e alone puts out 12820 books 
at a tola! circulation of f.66 million copies. In I9J3, 3367 
books for children of pte-school anti school age were puhlished. 
Esen ilie school libraries have big sections desvted to extra 
curricutae actnities. A gseat deal of attention is being paid 
to aesthetic edueatioo also. 

The activity of the out of school orgaatiations is 
fratBcd ia close contact with the Khools so that oser working 
of pupils jf avoided. Some of these organlaaiioni exen 
midef assisuoce to parents m bringing up the ehlldren in 
the Csiailles. The work jd nucy of these establishawfttl is 
directed by padegwrical personal. The out of school orgsal- 
zilicni ccaduci venaiile cvetbsdical work; semi.itrfc 
CttiKjIutaerssn praetkaJ sruJrfS, l*«u/es, read-.ng/ conf«r»^a<ei 
vridi teachers, w.ih l-aders of school gfo'ip*. and wi tlv psrenfs. 
They j'ttdy lenersUstd and propogaus i-Hrwjjh press 
tM ciaeasj, Wcrifiy operieoce cf oiiUUadixi St-adeva or 
crganlzstiaci. 


Se^ — </ iVa snel* *=*es • V~iX ta htK Ik* 

p«ni.v»is om » s.-sses « 'k‘< »®x*- 

St* at.-a'-*-'* f.-vrs w l^J.31 u vto 
ttfc.r.a*' *.n#rS3it! r^^ ns^ 

.a» »o Sr'S tSS»* I M s s/ «. !•’ * 
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{ EffortJ for Improvement ) 
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IfitroduclloD 

Science UacAlion in our country' U not a »eparate and 
•detaeliable unit’ of secondary education. It ii several 
decadci old but nill it sofTcn from many defects. These 
defects are loo obvious to mention her*. Due to these defects, 
the result is that we have yet to go a long way tn developing 
the Indian Tradition of Science Teaching at the school 
Itage. The Secondary Txlucation Commission (1952*53) 
was the first eommliiion to survey the entire field of 
secondary education. It recommended the ettablishment of 
multipurpose schools to provide diversified courses at the end 
of the middle school stage. Ilishlv qualified teachers and 
die teaching of ipecialired Ktcncei at as advanced level were 
to be the outstandirg features of sHe newly epened higher 
secondary schools. This radical departure from the pail 
situation created its own ptobI<5ns which were consid‘*Trd 
by the various commissions and cottsmitiees later on w,:h a 
view to build qualiry into »c»enc* education i.ght through- 
out the sdiool. ri'occedir.gs ef she All India Seminar on 
the Teaching of Science sa Seconiary n.rp'vrt 

ef the Indian ratllamtr.trry Scientific Cccura’ur. roa.tnn cf 
Science Teaching in Indian achools’, Seteote aai Maihr-nat.rs 
fidacation in schools (Rejvon of UNT.SCOj and 
Cceaaijtioa need special l acs tian in Ihn cannect.na (IC-J £) 

(1!5 


EfTorls for ImproTemtnt 

On reading these rcporti, one gathers the iropressiofl 
that we have been uninitellecttial, unthougbiful and lary in 
our discussions and action. This impression, is hosvever, 
wrong because probJexns faang science education in our 
country are both quantitative and qualitative in character. 
It has been now accepted in principle that these integrated 
steps are essential before we can expect real improvement in 
science teaching and education. These are ; 

(i ) Development of a curricula, that includes modern 
concepts and understandings of the subject-fields 
and a rigorous, analytic study of iiindamenlals 

( it ) Preparation of text books based tm the new 
curriculum, teachers’ guides/manuals and other 
irutrucctonal materials-, designs of experimenMl 
kits and apparatus. 

(Ui) Training teachers and equipping them with the 
necessary cmnpeunce to introduce the curriculum 
into the classroom. 

Naturally, a radical programme of improving science 
education cannot be a short term affair. Wc have first to 
evolve experimental pre^rammes for science teaching before 
Wc can train teachers to introduce modem concepts to our 
youngerters. Even then wc have tried hard to lay the basic 
foundations necessary for building up an intelligent and 
impressive programme of science education by the end of 
the third five year plan. It is about these efforts that wc will 
make a brief mention lunv. 

(a) In 1950-51, we had 191.5, 31.2 and 12.2 lakhs 
of children in iheelemeotary, middle and secondary 
schools respectively. The corresponding percent- 
ages In the three respective age groups (6-11. 
11.14 and 14.17) having educational opporl- 
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unities were 42>$, 12.7 and 5.3 respectively, 
Tlicse figures rose lo 496 4, 97.5 and 45 6 lakhs 
ofchildrert atxl the corresponding percentages 
in the »bo\-e mentioned age groups rose upto 
7C,4, S8.6 and IS.Ginthe year 196S'.66. In 
the third five>ycar plan, school science received 
considerable emphasis. By the end of the plan, 
the total number of high and higher secondary 
schools avas expected to go up to 22000, out 
of them over 9000 oOering science as an elective 
subject. The Science laboratories of about 6000 
schools wer.- cxpetcicd to be further strengthened 
by providing them additional equipment, More, 
ot'cr, a trash programme now undertaken ensures 
that all the Kcondary schools v>hich were opened 
by the end of the second plan will be provided 
with laboratories on 100 p. c. assistance to 
St&tes by the Ccotte outside their plan ceilings.’ 

The allocation went up from 1 05 croret of rupees m 
tbe first plan to 297 crores of rupees in the third plan both 
Ibr elementary and secondary education. The above amount 
deludes expenditure already incurred for maintaining 
institutions before the beginning of the first plan and the 
Wntribuiion from non Government sources. 

It is further proposed to strengthen science teaching 
boih at the elementary and secondary stage ; methods of 
Kience teaching, setting up of mobile audio-visual units, 
introducing and itrenglhcning of General Science at the 
*«ondary stage, availability «7f elective at least at one school 
an area Jacking such' facilities and provision for a small 
science library. It had been proposed to spend a sum of 
500 millions for starting and strengthening science 
*^ucation in its varied aspects. This excludes the provision 



of Rs. 1 00 millions for the National Council of Educational 
Research & Training actiinties. This expansion and the 

quality in the improvement of sdencc education svill naturally 

depend upon the availability of competent teachen, labora 
tory facilities and equipment production of text-books and 
other instructional and illustrative material. 


(b) In the past, science meant only pbysia and 
chemistry. There was very little of biology teaching in 
schools. After the Recranmendations of the Secondary 
Education Commission, opportunities for biology education 
became increasingly available fn the newly opened mu 
purpose schools. In most of the States, optional science 
include physics, chemistry, biology, mathematics and 
ceovraphy. Other subjects included arc geology ( • •' 

M. P., A. P., J. K.), and elements of physiology ^ 
hygiene, elements of home scieuce, agriculture, gcometr ^ 
and mechanical drawing and military science or drawing 
/M P. diU. P-)- All the Sutes except Kerala pr«cr 
vTyuig d=gr«. or pr«cUcaH.ork tob. done by ibe elndents. 

General Science is taught to all the children ill t^ 
counlry up.o .he middle ..age, A. .he »‘gher hi»ndW 
stage. Ills compulsory in most ot the States 
in Telangana (A. P.), Matalhwada, ( Maliatashtta) 
Assam. In Bihar, the natural science 
this subject. It is taught for the Brst 

in the States ot Kajasthan, Punjab, Jammu St 

West Bengal and Maharashu. 

taught for three year, hi the Sutes of Bihar. 

Mysore and Maralhwada (Maharashtra). y , 

and not physics, chemutsy and biology as 
„c ofaed in Madras aud Kerala. It 
that the pr.ctical wort in general science 
externally- 
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(c) Science needs laboratories and equipment. The 
Committee on Plan and Projects has suggested Rs. ^000/- 
including Rs. 1000/- for tools for equipping the science 
laboratory at the middle school stage. For a high school, 
the amount suggested is Rs. 10000/- including Rs. 1000/- 
for workshop tools. An extra grant of Rs. 3000/- is 
suggested, if biology is to be introduced at the high school 
stage. For recurring expenditure on science practicals 
including replacement, a grant of Rs. 10/- per student per 
year is recommended. 

The UNESCO Planning Mission on Science Teaching 
has recommended the abolition of General Science. It has, on 
the other hand, suggested the teaching of physics, chemistry, 
biology and astronomy at the middle school stage. For this, 
it has recommended a total grant of Ra. 12,000/-. 

Its break-up is as follows: — Physics Rs. 5000/-, 
Chemistry Rs. 3000/-, Kology Rs. 2000/-, Geology Rs. 
lOOO/. and Astronomy Rs. 1000/- 

At the higher secondary stage, a sum of Rs. 60,000/- 
u considered essential for demonstrations and laboratory 
work. Its break-up is as follows: — 

Physics Rs. 25000/., Chemistry Rs. 17000/- and 
Biology Rs. 18000/-. 

At present, the Sutes of Rajasthan, Punjab and 
Madhya Pradesh spend Rs, 12000/-, Rs. 10000/-, and 
Rs. 12200/- on physics, Rs. SOOO/-, Rs. 10000/- and Rs. 
9500/. on chemistry and Rs. *000/-, Rs. 10000/- and Rs. 
14400/- on biology rerpectivdy. For General Science 
and A. V, Aids, Rajasthan and Madhya Pradesh grant 
additionally Rs. 2500/- and Rs. 9500/- respectively. 



(d) In addition lo ujaal workshops, summer insti- 
tutes are organized for the science and mathematics teachers 
every year in difTcrent parts of the country. By the end of 
the fourth five year plan, it is expected to train about 36000 
teachers in science including mathematics. Further 21 study 
groups each under the guidance of a senior university 
professor have been set up by the N, C. E. R. T. in the 
subjects of phj’sics (6), Cbemisiry ( 5 ) , Biology (S) and 
Mathematics (6) at well known universities and first rate 
science institutions in different parts of the country to 
develop an integrated system of curriculum materials in 
order to help teachers to achieve the ^correct understanding 
of concepts in physics, chemistry, biology and mathematics 
from a modern stand point and for an integrated under- 
standing of the unity and totality of scientific knowledge'. 

It is proposed to test these programmes in the actual class- 
room conditions and Department of Science Education will 
serve as a focal point for the integrated development of a 
total curriculum. 

It is further, heartesiing lo note that under the auspica 
of the All India Science Teachers Association, a Physics 
Study group sponsored by the Mational Couacil of Science 
Education and National Cknincil of Educational Research 
and Training iias been set up to 'develop new and integrated 
curriculum materials in physics at high school level, embody- 
ing the modem approach and fully utilizing indigenous 
resources*. It came into existence on Jan. 1, 1963 at the 
Doon School, Dehradun m U. P. 

This idea has been now further developed at the 
Regional College of Education. Ajmer under the directorship 
of IVineipal P. D. Sharma and Dr. A. N. Bose {R. C. E. 
Ajmer) a steering committee bat been set up to device a 
traming programme for ibe Science Club Sponsors of the 


iti’re northrrn region with a view to build quality into 
race fairs as well as investigative projects. About 150 
:iwce club sponsors from the northern region have been 
ained at the R. C. E. campus. This Science Youth Project 
« financed by the U. S. A. I. D. It has been decided 
ntat]%e]y to start this project at the remaining three 
tgional Colleges of Education if the project at the R. C. E. 
imer shows fruitful results. 


(e) It is a general and common criticism that the 
>Dg of science in Indian schools is largely bookish and 
wretieal. Science clubs were fi„t set up in the year 1957- 
y the former All India Council of Secondary Education. 

1000 science clubs and 92 central 
e uht in the country. Each science club at the school 
{now the practice has been 
r ik^**"** I school’s meagre resources only 

to » atfi equipment. Their basic aim 

enwurage scientific thinking and develop scientific aptU 
'tudents. They are, 
tivit JrT*^ 7’ » voluntary basis (8). Their 

Jcussions pupating charts, holding debat« and 

her teif^ ot^aniring science fairs in collaboration with 
'parafiM construction of some scientific 

snick. fn 1“ *" original project. Dr. Irwin 

=l!ese of Consuluntat the Regional 

'ou'’h developed experimentally 

Mobile Science Show a book which ^11 provide 

(R«e^ onsiml projects. This 

cost from k Students) is assailable free 

fMER.) l^cgional College of Education 

“tribute directly and indirecUy 

^ te to tiic quality and improvement of * ' 

• wence competition essays in , \ • 


lA5t tutnty ycsri, icloice talent i**afch Jn vogue in West 
Bengal for iJir lait itx ycari or to for the first year stu-ients 
at the University, appointment of Science Consultants In the 
State Departments of Hducation for providing expert advice 
and help to the science teachers for the last seven years or 
80 , appointment of science Inspectors in Andhra Pradesh and 
Mj’sorc for guiding and supervising science instruction, 
establishment of the four Regional Colleges of Education for 
producing competent teachers in the fields of science, 
technology etc. (internship in teaching being their distinctive 
and distinguishing characteristic, and the establishment 
of State Institutes of Science Education in the tltird plan, and 
lastly, the publication of two journals, namely, the Vigyan 
Shikshalt and the School Science, published by the All India 
Science Teacher’s Association and the Department of 
Science Education, NCERT, New Delhi, 


(g) It was about 10 years ago that the All India 
Science Teacher’s Association under the (still continuing) 
Presidentship of Dr. A. C. Joshi esc. Vice-Chancellor 
ofthcDanaras Hindu University (and formerly Adviser to 
the Planning Commission, the Vice-Chancellor of Punjab 
University and the Director of Education, Punjab } 
was formed. Tlie aims and objectives of this association 
arc to improve the standards of school science instruction, to 
spread scientific information and foster research in the methods 
of teaching science. It is a voluntary organization and 
focuses the nation’s attention on the various deficiencies 
in our science education at its annual Conferences every 
year (7). 

(h) A comparatively much richer and resourceful 
nucelus. the Department of Scien« Education and one of 
the departments of the National Institute of Education 
/NCERT) was established in 1961 with a view to c anging 
Uie total face of science educaUon and teaching m this 



iuntry. 0\rr a reasonable period of time, it aimj to gene- 
ate an eCTectivc climate for efTectivc school science teaching 
Tic following arc it« areas of work ; 

(a) Curriculum material including text-books, tea- 
cher’s guides, laboratory manuals, preparation of 
syllabi and supplementary reading materials, etc. 

(b) In-service education: — Summer Institutes for 
science teachers in collaboration vdth U.S A I.D, 
and the U, G. C., to organize workshops and 
courses for Science Consultants and Science Ins- 
pectors and the organization of training courses 
for the preparation of resource personnel at the 
elementary level. 

(c) Publication of the School Science journal for 
disseminating information regarding scientific 
advances, methods of teaching science and book 
reviews etc. 

(d) Establishment of science clubs and providing 
technical and financial help In the organization 
of science fain. 

(e) Equipment and apparatus: To provide help 
and advice in settingup laboratories and pur- 
«ha$e of equipment including preparation of 
suitable inventories for the same. 

{f ) Central workshop for improving and construct- 
ing scientific apparatus, preferably clieap. 

(s) Laboratory for the department to tackle pro- 
blems in science education experimentally aiti 
constantly to improve science tcacliing. 

(h) Organization of workshops and aemlnars. 

( i) Insiruaicnal materials centre for teaching aids 
and reference material. 

(j) Seknee statistic centre to erdka the relevant 
information. 

(k) Research in science cducatiou. 

( 1 ) Seknee talent search scheme foe identifying 
gifted stndents in scioice 'at the hlcher sececj- 
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not excludeti. The coordinating function ir done L 
tfcTUrtmcat of scknoe cdiicnlion. They have so Jar «mp 
the faUovvitvj ta»l«; thste iathooiu and three teat 
goJdes for Ok middle school sage ( hlohgy Grou 
hilwratory manuals, a textbook in chemistry, and 
guide (Chemistry Groups); tsvo draft manuscript c 
textbook and a student’s srori for the first year of 
school I Hiywo Groups ); and dealt manuscripU 
inctry teslbook a/ong wth the teacher's guide and i 
in progress for algebra and arithmetic subjects (Maif 
Groups), These eorricular materials s«U be given 
in some selected schools. AH the groups are curreatl 
Jopinj reaierials in various scienro subjects including 
matic* for the higher secoodary classes and the entire , 

}$ likely to be completed by the middle of 1970. y 



activities for providii^ lo the children individual 
and group experlent* in science. 

(ivj To develop instructional materials for classes 
III to X baaed on the above syllabus for the 
Use of students and teachers. The instructional 
tnaterial shall consist of text'books, work-books, 
laboratory manuals and teachers’ guides. 

(v) To develop instructional materials for the pupil- 
teachers for the pre-service programmes. 

(vi^ To develop and organise-diort term re-ortenia- 
laticn-cum-traimng courses m content and 
pedagogy for science educators in the teacher 
training colleges. 

(vii) To organize, through a phased programme, in- 
service training courses for selected existing ele- 
znCQiary and secondary school teachers >vjih a 
view to improve their competencies to enable 
them to handle the revised science lyllabus, 
(vill) To prepare detailed lists of equipment and 
other leaching aids with their ipeci^cations if 
possible and to provide these materials to the 
State Institutes, teacher training inttliuiioni 
and selected Kboob witere the re<egnised 
programme will be Introduced. 

(ix^ To prov'ide simple toolkits to leachrr training 
institution] and secondary schools to enable ilie 
staff and studenu to develop die necessary 
skills for improving and rrpsiring science equip- 
mccC 

( X ) To provide laboratory and lil/rary facilities to 
the i^iaie Institutes of Edacatica and Science 
teacher training eotle^ and teacJier training 
srliocls for handlirg an-iriprosod pro«*erske 
and in-service training programzae for adrace 
teacher*. 

(xi) To dmelcp and prodoce simple adenre Uu and 
drwxwratinn and laWatnry erjurTrotm r-» 
O^e^^titr texhmg of the nev mi'ir* sa 



fxii) To injroJuce therevHcd syllabi and cnstruo 
tional material in the schools, depending on the 
condition} prevatJmg In di/Tcfent States and 
according to their needs, and lastly. 

(xiii) To provide a mobile laboracory-cum-projection 
equipment unit to States for capcrimental 
teaching of science and the in-service training in 
the district. 

One of the distinctive features of this project is that 
'due emphasi} will be ghen to the inclusion of elements of 
health and nutrition education as part of the total general 
education programme, especially at the primary and also to 
some extent at the middle stages*. Further, the 'laciUties 
made available by the Govern/nent in these fields through 
specific rural health, sanitation and applied nutrition prty 
grAmmes implemented sviib UNJCEF assistance, will also 
be utilized, wherever available.* For the first two years 
of this project, the UNICEF and the Govt, of India will 
provide funds to the extent of 2, 1 82,000 dollars and 110. 
87 lakhs of Rupees. 

The Department of Science Education is very active. 
There are still another Textbook Panels and Editorial Boards 
who have published improved textbooks for the higher 
secondary classes in science and mathematics with up-to-date 
and accurate content matter. Whatever is not covered is 
covered under other Departmental Projects. Under this 
scheme, eight titles have been selected, « few are out, and 
others are in dilTcrent stages of processing. 

India cannot survive for long on mediocrity at the 
top. This is also true In case of science. We roust there- 
fore aim at the 'highest education of the highest intellectual/ 
Another exciting, imasinative and fasdtialiog activity of 
the Department of Science Education is to catch talented 
science students at the close of their reeondary education. 

As a pilot project, the scheme was first, tried out in the 
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Union Territory of Delhi in 1 963. In the succeeding year, 
it ivas extended all over the country. About 350 scholar- 
ships are awarded each year on the basis of tests : aptitude 
test (formerly 125 and now 100 marks), essay (50 marks); 
project report (25 marks) and iiUiCrview (50 marks). The 
total number of competitors for this scholarship is over 
6000 except in 1966 when it was 4065. One out of eigh- 
teen or nineteen gets the award. All asvadees do not avail 
die award, that is, about 30 percent or so drop out of this 
scheme. This is very serious in case they happen to be the 
near tops. This scholarship is quite tempting for its period 
baa now been extended to nine years, that is, one hundred 
rupees for three years of the B. Sc. course, two hundred and 
fifty Rupees for two years of Kl. Sc. course, diree hundred 
and fifty rupees Cot doctoral work for a period ot four yean, 
and other fringe benefits like grant for books, reimburse* 
mem of tuition fee and participation free of cost at the 
summer school in one's field of specialiaatlon. The main 
objectives of this scheme are : 

(1) To identify boys and girls at the close of secon- 
dary stage who possess a marked aptitude for 
science and mathematics ; 

(ii) To stimulate scientific talent by a competitive 
process and recognition of merit; 
fill) To help such stodeou to pursue courses in basic 
sciences by the award of rcholarsbips from B.Sc. 
to Fh. D. stag^ 

(iv) To provide special programmes In science to inch 
scholars with a view to nurture the talent ; 

(v) To encourage schools to take more actis-e interest 
in the search for acieatific ability ; and lastly-'.. 

(vi) To hdp in buSding up a bodyof sdestuis vtto ‘ . 

will contribute so the scientific advancement of . 
India both in pure and ap;^cd fields. ''' 



(xii) To introduce the revited syllabi and instruc- 
tional material in the schools, depending on tfve 
conditions prevailing in diOerent States and 
according to their needs, and lastly. 

(.xiii) To provide a mobile iaboratory-cum-projection 
equipment unit to Slates for experimental 
teaching of science and the in-service training in 
the district. 

One of the distinctive features of this project is that 
‘due emphasis will be gi\en to the inclusion of elements of 
health and nutrition education as part of the total general 
education programme, especially at the primary and also to 
some extent at the middle stages*. Further, the 'facilities 
made available by the Covemment in these itelds through 
specific rural health, sanitation and applied nutrition pro- 
gratnmes implemented with VNICET assistance, will also 
be utilieed, tvherever available.* For the first two years 
of this project, the UNICEF and die Govt, of India will 
provide funds to the extent of 2, 182,000 dollars and HO. 
87 lahbs ofRupees. 

The Department of Science Education Is s*ery active. 
There are still another Textbook Panels and Editorial Boards 
who have published improved textboois for the higher 
secondary classes in science and mathematics with up-to-date 
and accurate content matter. Whatever is not covered is 
covered under other DepartoentaJ Projects. Under this 
scheme, eight titles have been Klected, a few are out, and 
others are in diflerent stages of processing. 

India cannot lorv'ive lor long on mediocrity at the 
top. This is also true to case of science. We must there- 
fore aim at the ‘highest education of the highest intellectual.’ 
Mother exciting, imaginative and fascinating activity of 
the Department of Science Education Is to catch talented • 
science students at the close of their secondary education. 

As a pilot project, the scheme was first tried out in the 



Union Territory of Delhi in 1963. In the succeeding year, 
it was extended all over the country. About 350 scholar' 
ships arc awarded each year on the basis of tests ; aptitude 
test (formerly 125 and now 100 marks), essay (50 marks); 
project report (25 marks) and interview (SO marks). The 
total number of coropelhoTs for this scholarship is over 
6000 except in 1966 when it was 4065. One out of eigh- 
teen or nineteen gets the award. All awadees do not avail 
the award, that is, about 30 percent or so drop out of this 
scheme. This is very serious in case they happen to be the 
near tops. This scholarship is quite tempting for its period 
has now been extended to nine years, that is, one hundred 
topees for three years of the B. Sc. course, two hundred and 
fifty Rupees for two >ears of M. Sc. course, three hundred 
and fifty rupees for doctoral work for a period ol four years, 
and other fringe benefits like grant for books, reimburse* 
ment of tuition fee and participation free of cost at the 
summet school in one’s field o( specialisation. The main 
objectives of this scheme are : 

(i) To identify boys and girls at the close of secoa« 
dary stage who possess a marked aptitude for 
science and mathematics ! 

(ii) To stimulate scientific talent by a competitive 
process and recogoition of merit; 

(ili) To help such students to punue courses in basic 
sciences by the award of icholarships from B.Sc. 
to Th. D. stage; 

(iv) To provide tpecia] programmes in icieacc to such 
scholars with a view to nurture the talgit ; 

(v) To encourage schools to take mote active interest 
ia the search for scientific ability ; and lastly 

(vi) To help in building op a bodyof scientists vho ^ 
will contribute to Use sdeatific advancement of 
India both in pure and applied fields. 



Ccrtnin olhw outcomes are alio expected to emerge o 
Of (his programme, the most Important of which are ; 

(i) To create a conscsousnets for improving the 
syllahl of science subjects, methods of teaching 
and evaluation tcchniijues; 

(ii) To provide colleges, universities and technical 
institutions with a meant of contacting sdence 
students of high ability; and 

(iii) To mobiitse the interest and support of higher 
centres of learning and other science agcnciei 
for the development of scientific talent. 

Lastly ‘provision has been made from 1968 onwards 
for awarding a limued number of scholarships for those 
competitors tvjjo shorv exceptional promite in mathematics. 
A radical change in the medium of examinaiioD has been 
made, that is, from 1969 onwards, the examination will be 
conducted in addition to English in all the regional langu* 
ages recognized by the constitution. The objectives of the 
scheme can be achieved if other agencies lihe the institutions 
of excellence as selected by the U. G. C. ooperate in this 
venture. This side of the picture is grim as is home out 
by a Report of the Science Talent Search Examination of 
1966. 

Thus it will be evident that this National 
Scheme has beep designed to Ibifil an important need 
of the country, i e. to provide basic scientists to 
the various national laboratories, delence establish- 
ments, universities and allied institutions. The 
industry will also be wltiinateJy benefitted through 
the academic net-work of this scheme. 

The results of the follow-up studies have not 
been very encouraging because of many obvious 
reasons. The studeno who get the National Science 
Talent Search award are ultimately admitted to 
.uch insiiiuiiors \.bm -K-oM mdlilOMi rarricula, 
method, of iciiching, tmd cv.I.uuon oil... S.ooodI, 
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there are hardly any opporUinlties for talented scho- 
lars to work independently on themes of iheir choice. 

The load of memorisation is so heavy that it seems 
impossible for brilliant scholars to do any original 
work based on crcatiWty and intellectual sagacity. 
These are some of die facts of reality which cannot 
be over-looked while analysing the results of this 
National Scheme. 

Mentioned above is a highly disturbing statement 
which has clear implicaiiotu for other programmes of the 
Department of Science Education. 

There is also an I nstructional Material Centre of 
this Department which not only acts as a clearing house for 
Information on Science Education but abo aims to dissemi- 
nate the creative and useful work done by the science 
teachers to rmpiove the quality of science teaching in schools 
of the country by developing and producing new instruc- 
tional material in science. The informative brochure pre- 
pared by this department provides practical as well as conso- 
lidated Information regarding Kience kits and their sources, 
science nodeb and toys and their sources, manufacturers of 
laboratory equipment dealing in laboratory fittings and 
fumishingi, availability of scientific films including film 
scrips on loan for a short period of time, science 
journals and periodicals, books on methods of teaching and 
instructional materials based on new science curriculum 
developed by the Depaitmeirt of Science Education and 
Study Croups of NCERT for the use of science teachers and 
adminisuatois of schools and teacher training institutions. 

The depanmeat also provides technical assistance to 
the Ministry of Education, the Planning Commission, the 
State Institutes oC Science Education and other bodies. It 
also provide financial as well as academic assistance to the 
psofessional bodies of stacnce teachers, and tnsttiutions m 
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the conduct of their sdencc education programmes. It alsi 
publishes a quarterly journal : School Science and deals wid 
modem de>-clopments in science and science educaUon. 

From the above sketchy account, it appears that the 
Department of Science Education is doing quite a creditable 
work at the national level. It is also generating lot of curri- 
culum materials for use both by the students and teachers 
right tliroughout the school. This is a very healthy sign If 
it does not increase confusion at the end of the journey. 
There is an urgent necessity now for bringing in psycho- 
logists and rnethod specialists into the picture for studying 
the impact of these new curricular programmes on llic young 
minds, in the context of their widely dHTering educational 
environments. For this purpose, die new programmes need to 
be tried out on a big scale under all possible classroom situs* 
tioas for improving their eflectivenest. DifTerent methods of 
teaching, currently available, need to be tried out on big 
•cale. Funds for the same, of course, arc required. Appro* 
priate borne work and research can save us lot of money 
later on. At present, the Oeparunent of Science Education 
looks content oriented but it ought to lie a compound of 
•cicnee atsd education, aharing neither solely the properties 
of science nor that of education. 

Our utented science siudents appear ts he inferior to 
cone in the world provided someone i« able to id'orif/ *'“1 
pick them up for adva.oced training at an esrlirr age. In 
1964-65, it was, sherefjre, decided la start wmtni-r schooir 
Cw the awarden of the science tslenl srarth scb'.w. The 
main cbjectires of these suesmer Kbcoli are; 

(») To ensUiih iater-perroul conutu bef-een tte 
teachers aaj the tsvjhi; 

(bj To enable the talented srjdents it deveh^ 
ibeir caieiirccsai pacestiabt-es it the hot 
tie way; 
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(c) To motivate the experimental curiosity of the 

students so as to stimulate the creativity and 
research spirit 

(d) To enable the promising students to exchange 
views with theic dass-fsltows and thus vO pro- 
mote a greater understanding and appreciation 
of each others’ views; 

(e) To enable the talented students to develop new 
basic concepts in their fields of specialization; 

( f) To encourage the scholars to pinpoint their 
academic interests and aptitudes; and 
(g) To produce an accelerated programme of scie- 
nce education. 

The programme at the summer school comprises lecture 
work, laboratory work, project work, film shows, excursions 
and tvorkshop practice. Recently twenty three Science 
Talent Search Scholars attended a summer tniiitute at the 
Indian Institute of Technology, Kanpur in U. P. All of 
them had completed the first year of the three year degree 
CQutse In science aud ‘intended to pursue careers in mathe- 
matics or physics'. Their academic course completed over 
a period of about four weeks comprised courses on Number 
Sj-sicm, Basic Mathematical Struaures, Linear Programm- 
ing and Matrices, Vector Analysis. Tortran, Programming 
(A short course), and perhaps the most enjoyable. Problem 
fioUing Sessions conducted by Prof. J. N. Kapoor, Ten 
special lectures by dUtlngauhed scienctisu and mathemati- 
cians, visits to aeronautical engineering laboratories and 
computer centre were also arranged. Further, each partici- 
pant was expected to complete a project. Some of the 
advanced projects completed by the participants were on; 
‘Groups of Symmetry, Magic Figures, Arithmetic in Binary 
Scale, Mathematical Xnductiem, Theory of Games, Dynamic 
Programming, A New Approach to Number System and 
Ancient Indian Contributions to Mathematics' (9)- Tbe«e 
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arc lAticlabIc cfToru in ihc r!sh( direction (which need to 
be publicized for intpirtn; other*) provided their level of 
intellectual functionintj fed through too much direct infor- 
mation is not constipated. Tlicy should be able to chew and 
.assimilate this material in a permissive and reflective atmosp- 
here. Fifty one summer school* of one month duration in 
didcrent science subjects including mathematics have been 
organized so far for the benclit of the science talent scholar* 

(j) Science Community Centre it in imaginative 
ferment at work in Ahmedabad which needs a mention be- 
cause it may capture the imagination of many educational 
institutions in the entire country. It is an ‘activity of the 
Nehru Foundation for Development for providing facilities 
and developing programmes for the undersunding of science 
by students, teachers and the lay public and for the improve- 
ment of Science and Mathematics Education at all levels • 
The centre will provide facilities and services like ; labora- 
tories, workshop, consultation and availability of expert 
advice, maintenance of a science museum, preparation of audio 
visual aids, publication work, gifted student programme^ 
and the conduct of seminars, workshops and inservice pro- 
grammmes for tcachcfs through week end discusssions, 
refresher courses, summer and winter institutions. It •* 
interesting to note that a group for the improvement of 
science education, more popularly called CISE has been 
formed which needs regularly to 'discuss specific problems 
and projects >vhich could be implemented in the near future. 

For everybody whatever may be hb age, ability, experience 
and interest, there is something to do. Consider their core 
programme. To quote director K, B. Shah ; 

In order to make science a living, meaningful 

experience for the Science Centre participants, the 

local scene ' and life paticmi must be the backdrop, 

as Dr. Sarabhai has aptly put It. against which the 
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drama of icicnce is presented and understood. All 
Iwels of paTtlcipants, elementir^', secondary and 
college students as svcll as teachers and the Jay 
public, will find within Use core programme, imcrcsts, 
degrees of comptexity and refinement at whateser 
quantitatise and/or qaalilatise levels that will fit 
their needs and abilities. 

Attempt win be made to dmelop the following bebavi- 
our among the participants • proposing problems, formulating 
and refoTinulaling problems, setting up h>T>othe«$ and test- 
ing them through control experiments, uncovering new 
relationships, searching for proof and adherence to ethical 
standards and values (Elementary Les-el); designing projects, 
collecting, rocaturins, tiasssfying and assessing data (Higher 
than Elementary): and describing experience, undemanding 
taperience and creating ctperiencx (9). 

(k) International help • This is most welcome. At 
present, we are obtaining help in varying degrees from 
U. S. A., U. S. S, R. U. K. (The CritUh Council and the 
Commonvealih Education Liaison Unit) and UNESCO, 
We send cur icicoce fersonnel abroad and experts from the 
alwte agencies visit cur country and advise us on the pro- 
blem facing us. In a way, ii is a sign of dependence if we 
receive too cnuch help frem them simply for the asking. 
Here ve shculd Bot forgeta Tamil uying: "However hard 
the wcisan may cry, she bas to deliver the baby he rs elf. We 
must learn lo solve oor problems unaided. 

(l) E-ffedivt leadetaWp. Sciente Education « this 
country appears to belike a living body without a bead. 
Tlie projpectus for cJ>cctJ»« leadership are now liriebier than 
at any time In twr past tusiory pren ,ded seta-nne ii able to 
give the diverse efCorts a thspe. In this mpset, w-e bardl; 
need to raer.tkvn the fa2ewiag • AU lad.a Science Teadicr’s 
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Association, Department of Science Education (NCERT), 
Departments of Science in the RegJonaJ Collcjes. Curriculum 
Panels, the Stale Institute of Science Education, the Science 
Educators in Teacher’s Training Colleges, Senior Science 
Teacher at the Multipurpose Higher Secondary Schools and 
individuals like Dr. A. C. Joshi, S. Nataranjan, Dr. S. C. 
Shukla. Dr. D. S. Kothari and V. N. Wanchoo to mention 
only a few. Even the National Council for Science Educa- 
tion can take up this leadenhip. Recently, it was set up by 
the Union Ministry of Education to upgrade and improve 
science teaching (other subjects being mathematics, engineer- 
ing and technology) at all levels to bring them at par with 
other advanced countries. The agreement in this connection 
was signed on No%-ember 1. 1966 with the United Stat« 
Agency for International Development. 
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Course improvement projects are underway in almost 
a]] nations of the world that have ariten in the last fifteen 
years. These ciTorti lay emphasis on the quality rather than 
qu.-sntity. Education and the Spirit ofScienee ( 1956 NEA) 
has defined new values of science teaching which affects 
the very leature of classroom teaching. This demands 
new philosophy and new aims of science education which 
ha%-« its ultimate relevance to the promotion of the spirit of 
science. Science, which is intellectually icimubting; leientU 
Gcally authentic and helps m the development of rational 
powers of children, is the sery essence of education. 
In this light many nations developed their own tnaieriaU 
and many tried to adapt and adept the materials developed 
by mhers. All this depends oo the social and economic 
cemditsons of the nation in general and availability of 
sufficient funds and eipcnue in particular. 

In advanced countries the changes are so rapid that it 
is UBpossibk to record all that b going on m the elaiiroomi; 
research laboratories and at the science teaching cenieri. 
Even then couln definite trends emerge from these efforts 
which arc acceptable to many developing naticeis. This 
paper it aa attempc to sunaasriae some of the tre-idi in 
Secemdary Science Edacaiioo. 

I. Place af Kircee b total edoeatfea 

In thb taesilicallf orisnte^ sneiery 


nil 
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tliat citizens should have functional understanding of science. 
This is an essential part of edneation for active participation 
in the functions of the society. Hence, 

a. Science should be a definite part of general 
education since early beginning. 

b. Students shcruld get knowledge of conteraparory 
developments of science, and sophisticated concepts at 
the lower grades should be taught. 

c. Academic professon should collaborate with science 
teachers and science educators in presenting up'to>date 
content. 

d. Content impeovement needs periodic, continuous and 
rigorous evaluation. The purpose is not only clearing 
out of the dead cnatetial but there is a need to 
‘refurbishing and restocking the content. 

2. Cootributiooa of Researeb oa leatnlng 

Many psychologists contributed to our understanding 
of how a particular type of learning lakes place. A few 
■workers tried to esublish some telationihip between learning 
and the developmeoul stages of children. These efforts 
demand: 

a. New designs in curriculum development. Specifically 
aequencial developmnei of the science curricuJumfrom 
K-IO. 

b. Proper spacing of the learning activities keeping in 
view the developmental stages of children. 

c. Creating provium for individualized instruction. 

d. More care of the creative children. 

3. Use of Instmctional tecboology 

Last two decades have witnessed the application of 
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technology in the classroom. More and more audio-visua 
aids are available for teaching science. Variety of instruc 
tional materials are available svhich arc being used for 
supplementary purposes. Hence: 

a. A science teacher should use different teaching aiili 
{aims, aim strips, slides, modcU) which will relieve 
him from his heavy schedule of work. 

b. Use of programmed learning, lay emphasis on 
speciBcation of objectives, individualised instruction 
and evaluation is taken as a part of the whoe 


programme. 

c. U«e of kill and 'package deal* is in vogue. 

d. Thm 1 , gCT.r.1 irend lo includs mote UboHtoty 
work. 

4. Contlnuoai letcbef edacallon procramme 
Tliese new Innovations demand ■' 
acqu.imrf wUh .11 ntw pliil(»ophy .nd wilh > ‘ 
using the new maieruls. Therefore : 
i. A comtano* 

orsaniaed for Kience teachers, 

b. Teachers should be » pany m the pieparat on 

developmental prograounes. 

c. Teachers should conduct research to find'’“ 
efficacy of new programmes. 

d. New teacher edoesuen prc«rammc* sh^ 
developed which will bring a change in teh* 
pattern of leaefaers. 

ZJ>- 

v«. 

sclaaols, yssl.fied sckoce teachers, 
aaJ ocher iaznety^^ 




5CimCE IN THE CLASSROOM 



At the earl'ut lev«l of injiiuctioo, the individual ftwdi 
to kam how to obterve, how to figure, how to meaiurc, 
bow to oriest thiogt io space, how to describe, how to 
cianlfy objects and evenu, how to infer, and bow to make 
conceptual models. These capabilities he will use all of 
his life. 

Bokert M. Carte 


“Lesreing Requirements foe Enfiolry.” 
Journal of Research la Sdetieo Tmchiogi 
Spring 1963. 



Teartiinq onJ llie Nature o( Sc] 


WtlUrd ), Jaeobton 


Oor teaching should be consistent with the nature and 
structure of the area or discipline being taught. As we tvork 
with children in science, the demonstrations, experiments, 
piojectsand other science activities should be developed 
consistent with the nature and structure of science. 

The nature and structure of science can be compared 
with the framework of a building under construction. A 
ftamewoik chaTactctisiicaUy has veriiral pillars that are 
being extended upward. The pillars are interlaced with 
horizontal beams. The upper beams serve as pUtfomu on 
which the builders use the tools of their trade to extend the 
framework. The framework is bulU on a solid (bundaiion 
firmly rooted in the underlying earth. 

Scientific activity is taking place. As the methods 
of science become more and more refined and sophisticated, 
it becomes harder and harder, but more important, for the 
teacher to explain the methods and the results of the use of 
these methods to children, students and the public at large. 
The rapid expansion and development of science b making 
it evtr more important that the children in our seboob gain 
some undentandiag of the nature and stiuctare of idenee. 
To do this, our approaches to teaching must be consistent 
with the nature of science. 

Ihe Proceses of Sdrace 

Certain processes or approaches arc cbaratlerisuc of 
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work in (he science!. Scieniistt do not use tkeic proces?et 
and appro.ichcs at ali Itmes in their lives, but they tend to 
use these methods when they are operating scientifically. 
Usu.tlly, these scientific procedares are used when they are 
operating in their area specialization. A physicist is more 
likely to operate scicniifically when he is dealing with ques- 
tions and problems in physics than when he is dealing with 
difTicitlties in his home or business, although he may use 
them under those circumstances as well. The methods and 
approaches of science are among the most powerful intellec- 
tual tools man has developed, .and it is especially important 
that children begin to gain some understanding of these 
methods. The staiemenu that follow are imporUnt charac- 
teristics of science. Examples for each of these characteristics 
have been drawn from the history of science. In scienet tke 
primary lest of an Idea is on empirical one of "Does it work 

when it is iriedV. Whenever possible, ideas in the sciences 
are checked by direct observation or experimentatioo. 
Usually, it is desirable that the observations and exprimenU 
be checked by a number ofscientisls who are competent to 
carry out the observations and experiments. 


An excellent example of the empirical test of an 
to be found in experiments of the Italian scientist Redi as e 
studied the origins of the worms and flies to be found 
refuse and manure. Prior to Redi’s work in the f"' J 
of the 17lh century, it was commonly believed 
bodies, filth, or any sort of decayed matter engen er 
worms. Redi placed three dead snakes in a box to ccay. 
Worms soon appeared and began devouring the 

eof dilftrent sizes which led him 

diflerent days. In order 


Hosvcver, the worms were o 
o believe that they had been boro on 


to find out what happened to the worms, 


Redi repeated his 


observations using a box in which all openings 
He noticed the worms changed into egg-shaped o jec 
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.ve now know are pupa. After a number of days, adult files 
:merged from the pupa. Then, Rcdi had an important idea: 
'Perhaps all worms found in meat come from flies, and these 
ivorms, in turn, develop into new flies 1” 

Rcdi went on to test the idea that all worms found 
in meat tverc derived directly from the droppings of flics by 
conducting a eontroUed txptrimtnt. He placed various kinds 
of meat into eight wide-moothed flask*. Four of these flaslcs 
were sealed so that no flies could get near them, while the 
four remaining flasks were left open. Worms soon appeared 
in the open flasks, and flies were seen entering and leaving 
at will. No worms appeared in the closed flasks. By careful 
observation and conttoUed experimentation Redi obtained 
empirical evidence to test bis important idea. The work 
of Reds and others laid the foundation for the important 
scientific generalization that living things come from other 
living things, 

This insistence upon cmpircal tests dliferenttates science 
from several other areas of human endeavor. For an idea 
to be consistent with widely held dogma or pervasive beliefs 
IS not an adequate test tn the sciences. Similarly, majority 
vote is of little consequence. The old folk saying that 
“Forty-million Frenchmen can be wrong’’ holds for all 
nationalities. To test an idea in the science is to subject it 
to the rugged, demanding check of "wbeihcr the idea works 
when it is tried.” 

Hypotheses or suggested ansyrers are used as toots IP 
tnsesiigaie questions and problem. Hypotheses are suggested 
answers to quesiicns or probkms. Observations, enperiments 
and investigations are carried out to test hypothoea. Charles 
Darwin is reputed to have said, “How odd it is that anyone 
should not sec that all obsesradon must be for or against 
some view, ifitisto be of any service,” In other words, 
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hypotheses are intellectual tools that help us to guide o 
observations and ins'estigations. 

An automobile mechanic uses hypotheses toimrstiga 
why an automobile will not start. Obviously, he cann 
check the entire automobile all at once. Instead, he sugges 
possible answers and then checks these answers. For example 
he may say, “Perhaps there is no gasoline in the gasolir 
tank.” Or. “Perhaps there is no spark across the gaps c 
the spark plug.” Such suggested answers are Intellectus 
tools that the mechanic uses to discover what is wrong wid 
the automobile. 

There are many, many examples of how hypolhesii 
liase been used in idcatifie inmtigHtions, but one oT (he 
SBon striking examples is given by Charies N/cnlle efth* 
vray io which be discovered how typhus is trantmltte^- 
Nieolle oAen visited one of the hospitals in Tunis when 
there were patients tulfcring from many diseases. Including 
typhus. However, it was well-known that, while typhus was 
very contagious ositsWe the hospital it seldom If ever was 
spread from pasieatto patient within the hospital. Why ? 
Otte day SleoIIe noticed, at (he entrarKC to the hospital, 
a body that had fsllrn victim to typhus. What was (he 
difTefcnce between the pathetic dead man and the patieots 
inside ? The palkcu had been stripped of their clothfitj. 
ihased and slashed. Typh-as mast be carried by soraethi.'.J 
ta the outside of ihe body. Mott atsuredly it Wsi the body 
looe. Once having gs jied this idea, NIcoiie proceeded to 
prose that lyphas was trsnuniit'd by the body fetne 
showed how chia deadly daease <e«H ccntrolW. 

CffJToUtd leitt eft an ftent 

c^iBsesrpcrrsti * tiu uUfint. Islheclasik trja 
expeTSsaett, a3 facisff b>-l cis* are ccwtivfte-i. .'\«y ch-‘*r* 
thuukeflKc tc d..etal‘ic“ virUhlc faeior, Wic* 
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new kind of leed is being tested, plants from the new seed 
c compared with plants from other varieties. However, 
is important that all varieties be grown under the same 
inditions of soil, water, sunlight and cultivations. If all 
ch factors are controlled, any diOerences in yield must be 
le to the variety of seed used. 

The eoniroi is an important factor if the experiment 
to be a scientific one. "It has been shosvn through 
undreds of experiments that the beating of tom*tomi will 
ring the sun back after an eclipse.” Of course, the sun 
docs make an appearance again after an eclipse, 
ut this has nothing to do with the beating of tom-toms. 

. controlled experiment helps to show what factors are 
nportant 

Children should have ma> experiences in seeing up 
ontrolled experiments. For example, one group of young- 
ters wished to find out whether a dull, dark coloured surface 
fould absorb more heat than a shiny surface. Then they 
ut equal amounts of sand into the black test tube and into 
. clear test tube. Thermometers were inserted into the sand 
tt both test tubes and the test tubes were supported in front 
if a gooseneck lamp The children died to make all condU 
ions for both lest tubes the same (distance from lamp, 
imount and kind of sand, etc.), except for the colour of the 
ube. Any dillerence in the temperature of the sand must 
X due to the colour of the tube It is especially important 
that children have experiences in controlling all but the 
variable factor in the experiment. 

Science hai a cumulatlfe dtmenuon. Isaac Newton is 
reputed to have said, "If I have »ecn farther, it is because 
I have stood on the shoulders of giants.” Our scientists, 
today, build on the work of their predecessors. Similarly, 
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in science, our children need not start <vhcrc the cavemen 
started. Tliey can make use of i!ic knowledge laboriously 
acquired by scientists of the past and present. 

The work of Michael Faraday provides os with an 
excellent example of how scientists build on the work of 
others. Faraday discov’cred how to use magnets to generate 
eiccirietty. However, be could not have made tliis discovery 
without such contributions as the following; 

Volta : Developed the voltaic cell which is a 
dependable source of electric current. 

Oersted : Demonstrated that an electric current 
flowing through a conductor will effect ih« 
magnetic needle of a compass. 

Arago : Showed how an electromagnet could be 
made. 

Ampere : Showed that two adjacent wires will be 
effected when electric currents are seat 
through them. 

Unknown : Showed how electric conductors could be 
insulated. 

All of these contributiom were essential, and they made 
possible Faraday’s extremely important discovery. 

Children can “crawl upon the shoulders of giants by 
making use of books and other science materials available to 
them. A group of fourth graders was making a study of 
meteors and meteorites. Although one of the children had 
a relic of what was supposed to have been a meteorite, there 
is a limited amount of infonnation that can be gained f 
the examination of a part of one meteorite. To augmen 
this information, they scooted all the books that 
available to them in the school and public library. “ 



the aid of these sources, they were able to develop a report 
coveringmuch of what is knovm about meteors and meteorites. 
Early man regarded meteors with ignorant awe and fearful 
superstition. Because a great deal of cumulative knowledge 
of science is available to children, these fourth graders were 
able to vie^v meteors with scientific understanding 

Ideas and findings in science are criticized and checked 
by others competent in the field. In science, imagin.atnc, 
new ideas are important, but these ideas must be subjected 
to the critical scrutiriy of one’s colleagues. When Copernicus 
published his heliocentric theory that tlic planets revolved 
around the sun, the theory was subjected to very severe 
criticism. Notv, host ever, this tlicory with some modi- 
fications, is generally accepted by all astronomers. This 
public dimension of science provides for a series of checks 
and balances. It was not sulbcicnt that Copernicus publish 
his theory; the theory had to be examined, criticised, and 
finally accepted by others competent in the field. 

Expcrimenul findings must also be checked by other 
scientists. In practice, this means that the results of an 
experiment must be accompanied by descriptions of the 
experiment that are sufficiently detailed so that otlier scientists 
can irpcat and ciieck the expeiiniaits As .1 result of some 
\ery imporiani experimentation, the German scientists Hahn 
and Strassman rrporced (hat Uraniwn 2 JJ, ivhen bombarded 
\/ilh atomic particles, split into such elements as barium and 
krypton. It was quickly realized tliat if uranium actually 
fissioned in tiic way, a great deal of energy would be 
involved and that this energy might be released in an 
explosion. When the fissjoning of Uranium 235 was 
reported at a scientific meeting in the United States, it is 
reported that ihe scientists didn’t wait for the close of the 
meeting before rushing to their laboratories to begin checking 
the findings of Hahn and Stras sm a n . 
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‘•No one can work as a scientist in complete isolation 
from other scientists.*’ Ideas and^findi'ngs are communicated 
to other scientists to be checked and criticized. Obviously, 
this means that freedom of communication is essential in 
science, and restrictions of the freedom of speech and 
publication inhibit the continued progress of science. 

Children should have a chance to communicate their 
ideas and the results of their experiments to ocher children 
for discussion and criticism. One of the ways to do this is 
to hold '■‘colloquiums*' where children describe their work in 
science, whether it he studies of how to grow plants in 
various kinds of soil or investigations into ways of building 
telegraph sets, to schoolmates who also are keenly interested 
in some aspect of science. The children have to prepare their 
colleagues. Usually, the teachers helps to bring out the 
tnpst imporunt points connected with the demonstrations. 
This is one way for children to learn a great deal of science 
in the traditional sense aod. of equal importance, gain a 
isor« profound understanding of the significance of the 
“public dimension" of science. 

One of ihf imponant approaches in science is lo try to 
tiew guesilons or problems In new and different ways- Irving 
Langmuir improved the electric light bulb by approaching 
the problem in a radically new way. The first light bulbs 
were made by putting a carbonized filament iniide a g!a« 
bulb and evacuating the air from within the bulb. Subsequent 
attempts lo improv’c the light bulb often took the 
form of trying to pump a grescer fraction of the air out of 
iJie bulb. Langisuir eoasidered oibter ways that the filament 
cocld be kept from burning. Rather than pumping air out 
of the bulb, why not pump Into the bulb an laert gst which 
w^ll not support burrung ? This waa done, and a better light 
bclb resBltrd, Lasgxsnlx succeeded beeauie be vlewrd the 
probless In a radically new way* 



The Idealized experiment has been an important tool 
n the sciences. Galileo used such an idealized experiment 
to achieve better understanding ol motion. If you push 
a cart along a level road, it will continue to roll for a short 
distance after you have stopped pushing. If the road u very 
itnooth and the bearings well lubricated, the cart will roll 
farther before it stops What would happen if the road were 
Jerfectly smooth and there were no friction 7 The cart, 
n'ould continue to roll forever. By using an idealized 
nperiment such as this, Galileo helped achieve a better 
anderstanding of the nature of motion. Later, Isaac Newton 
itated this finding as one of bb laws, "A body at rest tends 
:o remain at rest and a body in motion will tend to remain 
in motion in a straight line unless acted upon by an outside 
"orce.” 


To view questions and problems in new ways is 
difficult. “In this eonrection it is not irrelevant to note that, 
of all foms of mental activity, the most difficult to Induee 
even In the minds of ilie young, who may be presumed not 
to have lost their flexibility, is the art of handling the same 
bundle of data as before, but placing them in a new i^’stem 
of relations with one another by giving them a dilTerent 
fratneworh, all of which virtually means putting on a diffe- 
rent kind of thinking<ap for moment.*’ (I ) Taking a point of 
view directly opposite to the prevailing point of view, as 
Langmuir did, and the idealized experiment of a Galileo 
are two approaches that we can help our children to use. 

In science on attempt b made to express ideas end 
findings as precisely os possible. This usually means that, 
whenever possible, ideas and findings arc stated in mathe- 
matical terms. For example, if children try to determine 
how many seeds in a package of seeds actually germinate, 
cne kind of answer would be “many or most- “few or not 
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between these phenomena *nd explain them. Of crane, the 

law of gravitation haj been a powerful too! for investigation. 
In fact, the planets Keptune and Pluto probably would not 
have been discovered without the use of the law of gravi- 
tation. 

Much of our work in elementry school science deals 
with the broad pervasive generalizations of science, and 
these become a part of any book in science. The following 
arc examples of some of the most important generalizations 
oT science. One generalization is drasvn from each of the 
broad areas of science. 

The conurvailyn of matut and energy. The law of 
conservation of matter and energy states that the sum lots! 
of matter and energy for any system cannot increase or decrease. 
Under all ordinary conditions for practical purposes we can 
say "matter cannot be created or destmjtd” and ‘'Eoergy 
cannot be * created or destroj'ed.” Under unusual circum- 
stances In particle accelerators such as in cyclotrons, where 
particles of matter are accelerated to velocities approaching 
the speed of light, the particles of matter increase in mass 
as energy is converted to matter. In nuclear reactions, 
matter is converted to energy. Except under these extraordi- 
nary conditions, matter and energy can be neither created 
or destroyed. 

TTie law of conservation of matter and energy is of 
tremendous importance in the sciences. It means, for example, 
that when two 'or more chemicals react in a test tube, in a 
burning match, or in our bodies, the mass of the products 
of the reaction will be the same as that of the ingredients. 
‘When 'we use a machine to do svork we know that we will 
not get any more energy from the machine than we pot into 

it. In some ways, tlic-Iasv of conservation of matter and 

energy shows us some of the 'limitations to what we can do ? 
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n the other hand, the law >s A powerAd tool for predicting 
hat will happen when we carry oat certain operations. 

The Uw of conservation of matter and energy ij often 
nderstood in an unsophisticated, but important way, by 
hildren as they say, ‘'you can’t get somethmg for nothing,” 
he law is used in a more precise way when we use it in 
alancing chemical equations or in calculating the efficiency 
f machines. In any case, it is au important tool for the 
tudy and understanding of the matter and energy in our 
nvironment. 

The seeoed iaw of thet/ttodynamicsi The second law 
d thermodynamics states that heat can never be transferred 
pontaneousiy /rom a colder to « holier bedy> If tome object 
luch as a bar of metal is heated, the heat will be transferred 
iway from the hotter region to the colder, it will not move 
ipontaneously from the colder region to the hotter. In refri* 
(crators, air conditioners and similar devices, heat is ’pumped* 
from a colder region, such as the interior of a refrigerator, to 
a warmer r^ion, but energy has to be supplied and work 
done. If a refrigerator, b disconnected so that no energy b 
supplied to operate the compressor, the te m perature inside the 
refrigerator will e«ntually become the same as that outside. 

The science of ihernsodynamics is largely a study of 
the application of the second law of thcTxnodyitat&ics. In our 
homes and schools we use insulating raateriab to slow down 
the inexorable traiufer of beat from the warmer region to 
the colder. On the other hand, sve design our heating 
systems to accelerate the process ol transfer of heal. Children 
study this law of thermodynainlcs as they measure the changes 
in temperature in solids, Uquidi and in the air around them 
and as they ins'cstigaie ways that heat u transferred in hossa 
and throughout their nriranmeat. 
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Like the law of emservation of matter and energy 
the second Jaw of thermodjmaroics is a major pillar in th 
framework of science. It is a law of limitation m that i 
dictates to us certain operations that cannot be carried out 
VVe cannot eapect to have a spontaneous flow of heat energy 
from a cold region to a hot rr^ion If wc want th'S to takt 
place, wc must, in tome way or other, supply energy to the 
system. On the other hand the second law of ihermodynatnici 
is a powerful tool for use in analysis of energy syitems, 
including those in which living matter is involved. 

The law of mass frvductlon. The law of mass proiluc* 
tion states that all living things tend to reproduce at such a 
rate that the population outstrips the food supply. The 
deer in some of our northern forests, for rtamplc. reproduce 
to the point at which they eat all available food, inrluding 
the leas'd of trees within reach of their ouutretched mouthi, 
When the food supply is reduced, as it is when the grotirid 
id eos-ered with a blanket of snow, there is insuflident food 
for all the deer, and many of them die of starvation. Ilow' 
esxr, unless a major calamity ensue* wluch destroys almost 
all iadhiduali of a species at happened lathe case of the 
passenger pigeon, reproduction wiU continue at such a fJlc 
that again there wdl be an laiufllctent food supply. 

Thu law of mats production appjreuily Itof'ls fir jll 
Using ihmgs. Among [^a.nu tJjerc i» a struggle fjr 
mtaerals, water and sunJight. Urtally, the plant fp't!-'* 
that ii best adapted so survive in a partwruUr rnv ironrawif 
will be domicabt to «h»i esrvuccmew Among insects t-xrc 
a* say fe-gh feproductivc rate A Urgr of thfl 

ixaect rgjs msj cot esea but the cumlr'r of *’{» U 

ust-iry so fcigh ihsi the crall frsctcH l.hat fca’c.Vs swuilli 
kids v> a total popvdau'an of weh • tire that i* 

•psase Ixd faTply. 
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Children can sec many evidences of this mass produc- 
ion in the environment The flufly tuft of the dandelion 
■ontains hundreds of seeds from which new dandelion plants 
an sprout. Similarly, the female frog can discharge hundreds 
>f eggs into a stream or pool which will become tadpoles and 
idult frogs. Trees produce thousands of seeds that are dis* 
wrsed in a variety of ways. 

Teaching Science 

As t\c Viork with children we must be concerned wtilt 
joth “how’' we teach and •‘what” we teach It is useless to 
Jrgue which is the more important • both are importanu 
‘What’' children learn may be largely determined by "how” 
ive teach. On the other hand, "how” we teach especially in 
cience, should be determiaed by "what” we arc teaching, 
rhe teacher endeavors to gain a profound understanding of 
he ‘‘what” and resourcefulness and skill in the * how.'* 

In science the "what" and the “how” of teaching are 
ntlmately intermingled. Perhapt our most important goal in 
working with children in science is to help them acquire a 
belter undentanding of tlic various approaclies and methods 
of investigation that are used in the sciences. However, these 
understandings can probably only be developed through the 
ilrmonstration of various approaches and use of the methods 
tliat arc characteristic of the sciences. Tltis is basically 
why our methods of teaching science must be consistent witli 
tile tneihods of sciences. Or, in other words, if we arc to 
leach science effectively It roust be taught scicntiGcally, 

Certainly, one of the best ways to teach science scicn- 
tiGcally is to encourage children to identify significant ques- 
tions and problems in science and the work with them as they 
investigate these problems. Much of this work can tale the 
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form of cooperative investigatioa in which pupils and teacher 
work together to clarify questions and solve problems. For 
example, in one classroom a child demonstrated that, when 
a large glass jar was placed over a burning candle, the can- 
dle eventually goes out. The child explained that there is a 
part of the air called mtygen that is accessary for the candle 
to burn. When much of this oxygen has been ''used up”, 
the candle can no longer bum. However, one of the children 
asked, "What would happen If theglass jar were raised so that 
some air could enter the bottom ? Would the candle go out? 
The teacher asked him to clarify what he meant by his 
question, and he placed the glass Jar on two blocks so that 
air could enter the jar. Ncx^ the teacher asked the class to 
predict what should happen to the burning candle under 
these conditions. In other words, she asked the children to 
use what they knew about gases and the nature of burning 
to form an hypothesis. They then went ahead, tried the 
experiment, and tested their hypothesis. After the experiment 
had been completed, the teacher called the children’^ atten- 
tion to the various methods that they used to had investigate 
and try to answer a question. Through this cooperative investi- 
gation of a relatively simply but important, question,' the 
teacher demonstrated some of the characteristics of a scienti- 
fic approach. 

Our teaching of science should help children develop 
more sophuticated concepts of the broad generalizations of 
science. Through their invesigation of the burning candle 
under a glass jar, the children should have developed a clearer 
understanding of the nature of burning. For example, they 
can leans that only a (raction of the air is utilized in the 
burning of the candle. They can iwuh lime water, which 
becomes a milky colour when exposed to carbon dioxide, 
around in the jar and discover that carbon dioxide, that 
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was previously not present in very Urge amounts, was formed 
a* a product of the process of bumii^. They can also dis- 
w-er that warm gases, in this case gases rich in carbon 
dioxide, tend to rise and cooler gases lend to descent. This 
IS probably the principle reason that the candle will be 
Jxtinguished even though the jar is raised to that fresh air 
:ould, but does ' not, enter through the neck of the jar. 
rhese arc examples of important generalizations concerning 
;he nature af burning and the behavior of gases. One of 
he important results of our teaching should be that our 
ihildrcn gain a clearer concept of some of the major 
[encralizations of science. 

The efTectivc elementary school teacher uses a variety 
if methods of teaching. Science as an area of teaching and 
earning U rich with opportunities to use a variety of appro, 
lehei to teaching. Controlled experiments, research investl- 
,*tion», field trips, demonstrations, imaginative analogies, 
ind a wide variety of audio.visual tools and materials are 
vailablefor use in leaching of science. Throughout this 
look there are many concrete suggestions of a variety of 
'aYi to teach science. 

Children experiment An experiment is a trial or test 
''hich serves to prove or disprove a statement. A child 
uggesls an hypothesis or possible answer or possible solution 
or a problem. An experiment is devised to test whether or 
‘ot the hypothesis is an adequate ansWr. 

The most common form of experiment, and the one 
Host often used in the elementary school, is the controlled 
^periment in which alj factors but one are controlled. For 
Mmple, one child asked, "^Vhat svould happen if a plant 
* grown upside. down ?■' The class suggested the hypo- 
ois that the stem of the plant would gradually turn and 
'gin growing upward again. The class obtained two gera- 
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nium plants and turned «ie of them upside down. However 
all other factors had to be tontrollcd and the children raidc 
certain that both plants received the same kind and a-niunl 
of water, light, fertilizer and were grown under the same 
gen era l conditions. Any difference in the pattern of growth 
of the upside down plant would probably be <iiic to the 
variable factor, i. e. , because the plant was growing upsulc 
dewn Childien should h.avc many experiences in science of 
tiyirg to control all factors but one. 

In a different form ofeaperimeni one fsetor is cfnnged 
over a period cf time. A group of children kq*t a record 
of the nature of cond.i.ons in an aqiiaruim und-r the usual 
lighting conditions when the aijuarium was kept on a shelf 
aloe- die wall opposite the windows In p.irticulif they 
rvo»ed the amount of algae that grew on the sides of»hc 
aepunozn. Then, the arjuarium was shifted to aih'lfrest 
tolhfwiKlowt where the arpjarium was exptsird to 
fiiBlijht, and the amount of algae was tioied. As iis'ial. more 
atjrae grew when the aeiuarium wssnpo*''^ iiintighl. 

In this case, tJ e ^riuarium uraler the rrorm.il efeuiiiioni was 
coctrtl. Tlie effect of changing of>e faetor wni itudifd by 
cajaing the a-itiariu.-n to a aue wl-ere there was irwre I'ght. 

ChsSJrm ^rserr/fc-v An Insesnratinn it a arareh fir 
The L'n.esiigst.c^ may It ftimuil/ a Kirrh 
cf in tin e>Tr--.ufy ich-xil tf-.h rseani a dii'f/ 

efthe wrirsce Ur.U arvl ciigaaRwa |o fco 

u; i+^«Uiar«sn «t Ltrary Or, it may mean an 
cfaecaearca alphas* ecr-.« of s*Jt Kho'cl fr-^^-af ‘ ^ 
sesdf* c/ w<a%‘.rr <t<ij.r^eia ewer a feriraJ of l-'n'' As 
t’fvtl'Vj i* iicc deajnisd tn pt'we w d spr /-rt »« 

It *1 r,wried ts 

fcei aV.w< f'5«»3eae--a ♦/ Isi^et' a> 

.4 f-wde «Us*w»a ^ 



™ group. „r a„.U„„ ahooa. 

r= gr. .t “'' “^Plg. 

r “•'■ a.: ■■Wha. is, ha 

Pparaiora on Mars >■' ..,, ,. " 

-r- k. 1- . 'vatcr on Mars ? “Coaid 

-« be living things on Mar* »» Tk . 

roo! librarian bran ' teacher and Ihc 

■“.Henne “ :,r" “■> “”-g=- •» 

'e'pppoVchii^ri^hratbT f"""”'’’” '“'"'"y 

*”'! »»t»h.,h„ area, he, " , “ l-'S' '*i.hcd 

‘f«'lh.ei,y„„e availaH ’’ 1"*' "''• The wa.her 
^tla nere available co ' newspaper, but 

"'"«her„a,;o„'eo„ I T; «n Ihe ground, a 

‘ 'Pin gauge Tnd h a 

'»‘'r a set ;, "t -“P' * 

nearby ;l"”'’“ed .heir record, 

"“nvery .ha, ,h!'a,^”"V'’"^ Ending, 

."f P '■'W degrees, 2-4 2L hT"”' “ “T 5'™" 

‘''' '““'i'y. In i„ves,i?,T’ * •'■"dyth.n 

'“-‘-»..re,.„di„\.j;:"-p' 
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answers to our questions we have to depend on the work 
of others. Through inv'cstigationj children u>e the work of 
others to build their concepts concerning the world in which 
they live. 

Sometirnes, of course they find conflicting views and 
information, and they ha« to learn how to evaluate various 
sources of information, rrotn such studies they should 
develop criteria for the evaluation of information and sources 
of information. The fourth grade children in tlie example 
given, evaluated their information in terms of whether there 
was general agreement among the information sources, 
recency of the information and the qualifications of the 
authors of the articles and books. To learn how to evaluate 
conflicting sources of information and claims and counter 
claims is certainly a desired outcome of elementary 
education. 


The art of exptanaiion. To explain is to describe, 
demonstrate or interpret ideas in such a way that they become 
clear to the learner and can be understood. One o t c 
Primary functions of the teacher has always been that o 
the explainer. This is especially true in the te.ichmg o 
science, where, the ideas we deal with are sometimes cooph- 
caicd and often far lemo^•ed from the common. 
experiences of children. The teacher has to help c i 
achieve explanations for e«nts that involve changes at t c 
magnitude of the atom that liaw never been viewed by ma . 
In science children also study stars and galaxies that arc o 
such a magnitude that our ordinary earth-limit 
measurement arc of little meaning. Torlunately, .a mos 
children are keenly interested in the phenomena a«ocmr 
with the very, very small and the very, very large, ow 
■ these phenomena arc a chaUenge to the teacher*, imagmat. 
and skill in the art of explanation. 


Cnc of the most eflectlve ways of explaining » through 
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e use ot demonslraiions. In the classic sense a demonstration 
ows how something works. For example, a teacher can 
monstrate how the rotation of the earth leads to day and 
by spinning a globe as it is exposed to light from 
distant source. One half of the globe tvill always be 
posed to light while the other half is in shadow. Sucli 
demonstration can be used to explain phenomena, such 
ay and night, that children observe in their environment. 
iiJ traditional form of demonstration of how something 
tks always be one of the most important tools in the 
lenal of anyone teaching science. 


Cooperaihe intesiigaiion consisu ofa variety of 
Perimenisihat grow out o' the questions of children or 

ri;, putastreak of water on 

■ .h llWd ..d, di„ppear,d. 

the A' ** ^ explanations 

"" nl'nikbontd." 

‘mined and possible eeplanaiions were 

ns weie s 1 " """ “nd denoostta. 

nnen. ' dl”'”"'”' Ti-noodb . series et deve- 

il'^dsed, “”"P“ of wha, happen, when 

’ nPP.sen.1,. -disappear,,. 

« ne^MUnV'"”''^'^ sT-^^mideraUe plan- 

““P-" <1 ' onen o'”'? '' ‘‘“'d 

“Oi-so haseT '“’"‘'f'isn obiidren 

“>■ Tede L /'“r'’"’™*”"” e„ 

■bn bind, ef? " ‘““''dse 

“ -ndisrsTrdT ^ 

'-*1 dr-ddsea L rhe eU..' aT" 
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rativc investigation citildren often lead the teacher into new 
and exciting areas of science. Undoubtedly, the use of 
cooperatise investigation leads to some of our best teaching 
of science. 

The circclh-e tcaclier also uses analogies to explain. 
In using analogies the teacher relates that svhich he is trying 
to explain to sotnething that is fairly well known. 'There 
arc as many stars in the heavens as there are grains of sand 
on the beach.” Strictly speaking, there is no way to deter- 
mine whether this analogy is true, but it is a way conseying 
to children the idea that there ii a tremendously lorg* 
number ofttais m the unnerse. Similarly, an analogy, 
between the nature of the framework of a building *nd 
the nature of science was used in an attempt to explain some 
of the characteristics of science. Obviously, but it Is hoped 
that the analogy helped to explain and make clear a 
complicaied series of ideas. 

Analogies arc useful tools for explanation, but they 
mutt sot be used at proof. Tint it a common mliwke io 
logic often omifflitted by boJi children and adults. To**!*' 
that, “EJeeiricuy Sows through an electrical circuit tonie 
wljt like water flows thriAigh |iipcs, "dries not prove any 
tliing. It is an analogy used to rxjilam but cannot U: used 
as oidmee or proof- 

TUet'5‘^ (earUf of children use a wide variety of 
appjotstes and a rich ats'jjlme.nt of methods in teaching- 

I’lcljiLl), a greater sasiciy of approaches and fueihridi can 

Ik csH in tel'nce 118.11 i.t any oda^ rab^ect In the eJensenuty 
tc-h'x-t c-jnl'.Tiijsj. Children ca.n Ucotof. Iflvoltcd U* 
d-}a,*utr»t.of*i, teid trips, pco^-ts 
ItK lejriKT *41 Usoli, clurli, t.’rna, 

• ■ V, e^ulrii, li.^tnrx', Klc-isd-ssi 



to help children get a better undentanding of the scientific 
methods of investigation and the major generalizations of 
science. The nsc of a mde variety of approaches and 
materials in teaching is certainly consistent with the nature 
of science. 
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In the words oTNathnn S. VVashlon, ‘The artistry 
of teaching is dependent on how ikillfully the teacher 
blends several of the methods into a unified teaching 
lesson, The nature of the lesson, the personality and 
goals of the teacher, the climate of the class, and the 
interests and needs of the students will determine the 
ultimate selection and utilization of appropriate 
teaching methods in science’ 

This clearly indicates that good teaching include* the 
proper selection of content, formulation of objectives, orga- 
nising learning activities, based on careful planning. The 
last factor, namely, careful planning is very important for 
the new entrant irt the profession of teaching, which will 
build confidence in him. Here, we will discuss ‘Hnfl, 
lesson* pUnrung. 

Unit PlsDoios 

Unit Planning is an innovation of this century. Fint 
of all Morrison attempted on it* definition in 1926. Since 
then many adjectives have been added to this term, tmit, i *. 
subject matter unit, topic unit, eaperience unit etc In • 
Smith further classified these units, such as : 

/. Pfoetss Unus •. Units €»f discovery and verification. 

2. fformatitt Units : Units establishing policies, 

/. Crukal U<tlit : Units ctabb'shing critical il'H* 
abilities. 

/a jas: Burton clarified i!ui all afofrtuW p^r‘» 
us'd la all utuu with dlt&rent emidiaies. 



flat !s a Unit Planning ? 


The term ‘unit’ signifies the ‘unity' or ‘wholeness’ 
‘ the learning activiiies related to some problem or topic, 
lanning' involves the selection of the proper, suitable paths 
wi the alternative ones. 

Therefore, ‘unit planning* is the proper selection of 
irning activities which arc closely related with each other 
present a complete picture. In oiher words the 
'thing unit, is neither a block of subject matter nor a 
■ies of independent lessons (2). For example in Physics, 
at, electricity, magnetism are » fcsv examples of block of 
bject matter In Biology chordates.non-chord »te§, fungi arc 
amples of block of subject matter. In Chemistry metallurgy 
:lali, non-metals are the examples of ble«k of subject 
‘«er. Similarly the exaraplo of independent lessons in 
Tcrent subjeets are as follows : 

: (a) \Vhat is electricity ? 

(b) Use of magnets. 

jhgy : (a) DitTerence between plants and animals. 

(b Chemistry of digestion- 
ffnisir): ta) Preparation of oxygen 
(b) Properties of NH, gas. 

Unit should be a big gestalt of teachlng-learaing 
aatlons Many authors agree thas it should not includ- 
>re than ses-en lessons, -and not less than two lessons, which 
: interrelated and inierdependent. with suitable scope and 
luetice. 

Some examples from diffcresst diKl^mes of 
; gis'cn below . 

rhrtlt^ ' tV't-TransmisuooofHeai 
tessosj ; (a) Corduct:™ 
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(bj Convection and Radiation. 

2. Biology : I/nft-Nutrition in human beings. 

Lessons : (aj Organs helping in Nutrition. 

(b) Chemistry of Nutrition. 

J. Chemistry : Unit-Adds, Cases, Salts. 

Lessons : (a) Acids. 

(b) Rnses and salts. 

Units should be dc\-eIoped in a logical sequence. TJ 
teacher should not adhere to rigidity and should keep fait 
in flexibility. 

What to Iflctudc in a Unit 

While planning teaching units the teacher shoal 
include such activities that are ba>ed upon student interest 
and needs. What a teacher should write in unit planning h 
ahvays a matter of discutsioo. Yet to get a common poin 
of view we c.tn include the following; 

1 . Overview 

2. ObjeetUcs 

i}. I..e3ming siiuaeiont ; 

(a^ Initiating acthities 
(b) l.earning activities 
(c| Culminating artiviiies 

4. r.\3luati<m 

3. References. 

1. O'trtlei* 

The purpose of o\erv»ew is to describe llie naiote 
acd scope of tla* wm't It af^W nw ewer more than two 
paragraphs. 

2 , OtjeCfisTS 

ft t'jxiid incljsle : 

(a) Zh'-j: S<-.T.te Icfrfaatton 


Desirable behaviour change, 

Basic science information includes scientific facts, 
standings, generalizations, prindplcs, laws, concepts 
onceptual schemes. 

Desirable behaviour includes abilities, stills (both 

and manual), scientific— attitude, appreciation, 

istsctc. 

arcing Situations 


Initiating Aclmtiii 

It is to involve the child in learning. It deselops 
tiiy and interest. This can be initiated : 

1. By eiuestloning 

2. By raising problems 

3. By developing relation v>ith previmia unit. 

4. Cy siviTiE > thouslit provokios nptrimmi ot ■I'"’”"- 
stration 

5. By thought provoUing discussion 

6. By the use of film or filmstrips. 


LcamlDg Aetitilics 

Tlicse ait the means by "bi<b ^.asic 
t is learned and desirable behaMOor 
eloped. 


scimee infortna* 

in the child is 


I CololoatiBg AciiTili« 

The,. eeii.i-V.een.!..* the "»!•. 


Cviloaiiea 

Proi*^ metbc»ls 
dfiinR the behsvioural 


of rs-alaaiiits s5»erili be used 
tbaORT H lS>e ehllA. 


fjo 


jV-per refererxes ih.>i,ldbe iacladrl. 


Adranfai-fs of Unit Plaaaing 

f. It helps in the selection of new activities /experiences 
clas?.room use. 

2, It keeps enough maigm for flexibility. 

3, Unit pianning helps In anticipating the future problem; 

4, Topics of the Unit should be related (as for as possibk 
eitiicr svith community or speeifte Key ideas / big i'd< 
rather than simple topics or headings For exam] 
‘water supply* should be ‘a study of our water supf 
system', ‘Electricity’ sliould bc'clectricity in homes’. 

3 Uriif planning extends student experiences beyond t] 
unit of the prescribed syllabus. 

6, It develops coherence among different lessons. 

Profortna for Unit pUnaios 


I Subject 

Class 

Unit 

duration 

1. Overview 

2. Objectives 

3. Learning Situations 

Initiating activities 
Learning activities 
Culminating activities 

4. Evaluation 

5. Reference 


II Subject 

Class 

Unit 

Duration 

Lesson/Topic Objectives 

Learning Situations Evaluation 


References 


rhe Daily Lessoo Plan 

The science teacher has abundance of things which 
he can use for classroom teaching. Proper selection of the 
material and the use of various procedures, to be employed 
in the classroom, necessitate daily planning. Consequently, 
the daily plan becomes an essential part of classroom 
teaching. Rarely, a teacher gets a chance to prepare an 
independent lesson. Generally, a lesson is developed m 
relation to other lessons or as a part of unit. 

Whit is a Lesson Plan ? 

The term lesson is interpreted in different ways by 
different people. Generally, teachers take it as a work to 
be covered in a class period which runs over 40-50 minutes 
or in two to three periods. Others difine lesson as a 
blue print, a guide map, a plan or gmde for action m the 
fear future', a creative piece of work', a comprehensive chart for 
classroom leaching', a s)siematic, elastic approach for the 
deielopmenl of con.-epir, skills, understandings etc. Thus in 
general lesson plan is a guide for action which will help ilie 
leaclier in preiemmg learning experiences 

U«s of Daily Lesson Plans 

(a) Planning provides direction to the task, underuken. 
Therefore, a lesson plan gives direction to the 
teacher and studenu for leachii^ and learning. 

(b) While planning it becomes easier to select proper, 
adequate subject matter, needed for particular age 
gioup. 

(c) The subject material can be easily organired 
in a proper and functional way which will help in 
achieving the instructional objectives of science 
education. 
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(d) Planning helpj in developing a relationship between 
learning activities and the time it requirej. Thus 
economy of time can be achieved. 

(c) It provides an opportunity to the teacher to use his 
new ideas, imaginations. Hc/she can give a 
practical siiape to these ideas. 

(f) Planning gives an idea about the difficulties a 
teacher can face during his teaching programme. 
Tlicrefore, all difficulties can be anticipated while 
planning a lesson and their solutions can be incor 
poraied at the planning stage. 

(g) Lesson plan develops confidence in the teacher 
and brings refinement in the art of teaching. 

(h) It eliminates the chance of trial and error m 

teaching. » 

( i ) Lesson plonning helps ihe lencher in visualises 
llie needs of student. Students vary its abilipes 
and interest. An cITeetive teaelter attempts to plan 
for these variations also. 


Factors Affecting Lesson Planoiog 

•mere is no guraniec that a lesson plan developed by 

a teacher for his/her use, will be a success at 

and any time. Reason i» simple. Many factor, influence 

lesson planning and the success of it, presentation depend, 
them. These factors arc: 


1 . The school : urban or rural. 


2. Number of children in the class. 


3. Average age of students. 


4, Stand.-ird of attainment. 

5. Children’s hnowledgc assumed by the teacher. 
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6. Availability of teaching aids. 

7. Aims of the lesson, 

R. Personality and philosophy of the teacher. 


Therefore, all these factors should be taken m'o 
consideration while planning for daily teaching. Lesson 
planning changes as the factors or situations change. A 
lesson plan prepared by a teacher is meant for him and 
his class. 

IVritiog the Plans 

A teacher needs some information about the class, 
students, and their background before he/shc attempts to plait 
a lesson or unit. Generally a lesson is divided into many 
stages ot steps When a detail lesson plan is being developed 
all these steps are used in tome form or the other. But 
in a brief plan many tteps/ttages are integrated with one 
another. There steps /stages do not classify any psychological 
principles nor are based on learning theories. They appear 
to be based on common sense and give a logical order to the 
plan. These steps ate i 

1. Genera] Infarmalioo 

(a) Subject. 

(b) Unit. 

(c) Lesson/topic. 

(d) Class 

(c) Age level of children. 

(f) Esamated time. 

(g) Date. 
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2 6bi<tilirt *i tfara /«2 rntciiui* 

(;rr^i4} 

(t>) SpetifkS 

I» fof A lr,v.n. c4f<f4S ihoinHt 

lUuuld I* **» »*»•*’ ** 

j-.fr.fTal Ih's*! ihoulJ ®'* *“* 

tsj'rctfil ouli'iir.fi of mrtiutitoft. A detail •!'-»crip«!<’n of 
oiiKiiinrt of icirocr rt!«can»/<s n 'f* 

<pp. 17 - 30 ) \U»ul» KUO »ofne »dcj, about the.r jp«>* 
ficatiom alio. Ihoe »r<o!«atiaftt ihouUl toCe« 
l>ehaviour <if iltc itutltnt and ibouJd be w-riitcn in 
ipecifie term. vOuch be obieocd or m«sufc^ n 
wrjttns objcctuo one should prostde clarity, appropr 
(cness, jdetjuacy and aiuiuabduy . fhoe objectut* sb 
have definite reUiioiulup t«> oahtation of students learntos 


3 Insiruccioeai AiJ* 

Proper selection and efieciivc me of teaching 
motivate students and claiify tli« coneepu of science, 
should Ise used stallfuHy and at the right time. ThW m 

range from simple diagram to lihns. Their utility depends 

on proper handling. 


4. Previous knowledge assumed by the Teacher 


Development of the lesson is based on the 
knowledge of students This knowledge serves as a 

further learning. Therefore relevant assumption / 

teacher is a necessity for saving the wastage of time. 


6. Proccdure/Mctliod 

A variety of methods aie used by ^ jjea 

li, a town plan » brirf mamion of pTOcedart g 


;i4) 



ibout the approach as svell as of actisntics wliich a tcacltcr 
"'ill undertake to complete tlic lesson. While planning a 
brief lesson plan, procedure can present a vivid picture of 
the whole lesson. 

6 lotrodudion (of the lessoo) 

Introduction is a very crucial paint in teaching and 
planning. It shall help in 

(a) 'reviewing the previous knowledge of students. 

(b) providing enough opportunity to motivate students, 
and 

(c) introducing the new knowledge. When a new lesson 
is being introduced, the teacher should try to 
stimulate and generate pupils interest in the topic. 
A lesson can be introduced by the help of an 
e/Tective teaching .tid or actual material, 

?• lletelopment of the lesson 

This comprises all te.vcbing learning situations which 
involves ; 

(a) Content. 

(b) Method (including audiovisual aids) 

(c) knowledge about the devclopnienl of children. 

Content is a b.vse for she learning activities based 
on concqits and processes of science and methodology helps 
in proper arrangement of the content. Content should be 
selected carefully in tenns of the instructional outcomes. 
Ii should be accurate, relevant and rieli enough in its depth. 
It should TcScet the cantemporaty knowledge 

The use of methods or sy'fltlieiis of methods depends 
on the content and philosophy Of t».e teacher. In science 
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teaching, experimental approach; investigatory approach or 
problem solving approach is graerally used. It clqwnds on 
the resourcefulness and ingatuUy of the science teacher. 

Just motivation for learning ts not sufficient in 
teaching. Continuous interest should be maintained in the 
whole period. Generally, a lesson is not based on a specific 
theory of lio\v children jearn or on the logical structure of 
science. (It is a neglected aspect in most of the cases.) 
Thus, many times a lesson is psychologically unsound. Use 
of concerte things and active participation of children in 
learning, are supported by Piaget’s great ideas on intellectual 
development. Hence, we should try to base our lesson on 
activities as far as possible. 

8. RecaplcaUtloo/CTalustton 

Recapitulation helps the teacher to find out to whal 
extent learning ocenred during that period. It can be does 
by asking several questions or by arranging oral situations 
or Witten slualions. 

9. Black board Summary 

Activities during recapitulation gives a gist of black* 
board summary. Or it can be developed simuhanfowl^ 
when lesson is being developed. 

10. Home Asslsotoentf 

Proper assignsnents give* a chance of repetition to 
students or solving similar prohterm in new situations. 

11 References for self and stedenfi 

It helps the teacher in incorporating proper fef„ene< 
materials and give 'an on^rtonity to locate proper books. 

J2. Sell Erslostion 

After the completion of teaching, a teacher 
■ imp, 

j-e reed* for future. /'■“,% 


i9d M!f L»»laatIon Chtck Lhl 
. ^ tartful ttleciion of content, 

ortta 

t P ia the development of pupil growth in the 
‘rr thinking and attitudes. At planning 

P»«*eding pages can be 
iu ii pieient any ideal lesson 

easy to times. It U also 

present an ideal fo mat for a unit as well as 

tive I, P“fp«c of lesson planing is to present 

« unit lesson presents a part 

dih sl/a ^ unit 

oopletion a*^t ' k P'»'«‘“g a lesson and after 

““Wl DTof ***' 

««Wi professional growth. 


_ Self Evakation of unU/lesson 


*«n>ttl<iti.I objectlre, 

Wbvi* «latrd to the 

•UBjeet matter ? 

I Arl!k* adequate ? 

; . _ cl'jectjvxs spceific ? 

’ cbjecuvTS written in % 
outeomw? 

the objeemes attainable ? 

' ^'*’«t»64T«ehUt AUs 
adequate? 

• « toctert rtlerarsi to the topic f 

• » ctetett suitable for* the are rrotra 

'‘bkh it is racant “ 
tC. U teetent accuTate ? 
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I liei I t>f> [ Rttf-J'*! 

1. !i il.coTS»nlMt«onoreor»fni p«y«h> ) 

logicAlIy »oun<} > I 

2. Arc ihe Icamint; aetiviiirt adc^uctc? I 

3. ti (^ae full invoIvctTvmtnrchitdfcn? 

4. Ii ihrrc provijlan ttf varittf is 
karnlnj aciWiilct ? 

5. Are Icamifirt sctiviiiei cJTective ? 

6. Are leaching aidi appropriate ? 

7. Ii there any tnnov-arion m ifte»e 
leaching aijj ? 

I. Methndi and rtiluailoa 

B. I* tJiiJ methoU eflecti^e ? 

J. I* there any originatiiy in ihij 
metliod ? 

h I* thii method approprUie for 
children ? 

I. It Ihc tool tuiuble ? 

i. I« the tool eomprehensive ? 

i. It there continuity in evaluation ? 

.. Is evaluation relevant to ihe 
objective* ? 

. Is evaluation appropriate ? . 


Ferences 

1. Washton, Nathan S. Science Teacfttng in Secondary 
Schools. New Yorit ; Harper and Row, J96I 

2. Kenneth, Hoover H. learning and Teaching in the 
Secondary Scliools, Boston j Allyn and Bacon, Inc , 
1964. 

3. Viadya, N. Sood, J. K. Planning for Science 
Teaching. Ajmer ; Regional College of Education, 
1968, 

1 



Suggested Beading* 


1. Voss, BoTlon E., Btown, Staolcy W, Biology as 
Inquiry. A Book of Methods. Saint Louts : The 
C, V. Mosby Company, 1968. 

2. Gronlund, Norman E. Stating Behavioural objectives 
for classroom Instruction. London ; the Macmillan 
Company, 1970. 

3. Andrews, Dale W., juergenson. Elwood M. Selected 
Lesson* for Teaching Agricultural Science. tUlnoU : 
Tbe Interstate Printers and Publishers, Inc,, 1961. 
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Some Sample Unil anJ 2. essoa Plant 


A few sample unit and lesson plans are given here, 
hey illustrate many ideas discussed in the prccceding pages, 
t the same time many iUustratisre lesson plans present 
iTerent philosophy. Intentionally this variety is given 
' that a reader may get a glimpse of diflerent lesson plans 
hich arc in use in this country. The following plans are 
scusscd in the order given below : 

nit plan ( 1 ) Behaviour of Gases. 

isson Plan (I) Ionization 

(2) Archimede’s Prinicipfe 

(}) Germination of easior seeJ 

(4) Leaves 

(5) A case History for the Teachlnij 
General science, 

(6) Hard and soft water. 

(7) Burning, 


I 
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abov« f}te other. 

- G«*cs arc easily Tlie icuhcr rfwoor*so ih« Bslficwj 

cotnpretted. jwpW* lo hl&w a lialooo atvi 

study tile pouihtlity to. 




OK-ti'c »iilt Tracto-piipil «Ii> 



PupiUcwiducttiic cxpcfim^nt A foot-b*ll-bladcler, 
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tSow ih« voltirw of M c»n 
uni wh^ efwIoJ^Tplaii 



fWI»f<4Rf#4j Prffffftc 



i.J Cb.«ht.I 

Tcpit F.l«tml..U ot poi.iitiiiiii Widt 

Of‘J<eOns 

Afwr the lei«>n i» wcr, uudcnti ihall be able t . 

(a) (!eicril« the mull of eicciioly*'* ofKl; Fotart-um 
and Iodine ate foimed 

lium hydfoaidc and hydrotjen. 

(c) I. it liberated al anode and idenuG y 
colour with stafcli. 

(■!) iuss^t .h« p<.»ibkm«diwi«" ot Iho roacuoo. 

U-tuto, boako,,. 2 voUbotK-io, 

dblillcd walor, pouoiuni iod.do wlot.on. 
crocodile clips etc. 

Procedure It shall include; 

Instruction* by teacher to the pup.U, 

Activities of the pupils; 

Group discussions ainons thcmsocs, 

Report of all the groups; 

of d,c ,ami»b.o*2 • 

Evaluating the pupil $ learning y 
questionnaire. 
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I> rostrocfions by tfae <eatbcr (o (be pupils 
( I ) Arrange the apparatus for the electi 
slum iodide using carbon eleclrodes t 
or U-iubes or big glass tubes as sh 
gram. Care is to be taken that n 
over the clothes. 

( ti ) Check all electric connections, 
(ui) Electrodes must dip inside the $olui 
(iv) Recall about the experiment on 
water, collection of its product an 
on the basb of some chemical p 
( V ) If one of the product is gas Chen 
collection. 

(vi) If you feel that some chemicals are 
identification of the product of the r 
collect from the common shelf and 
it to the shelf. 

2. Aetirities of tbe Pupils 

Take 2S'30 ml. of potassium iodic 
assemble apparatus as requited and start cle 
for S minutes and note the changes in the so 

3. Group discussions nmoDS thtostlres 

( t ) Elect, one reporter from all the ; 
group. 

( u ) Discuss the probable mechanisii 
the es'ideoccs and ■e.xperimc 
that have made. 

(ill) As tar as possible give the rcaso 
nation of a mechanism you haix 

4. Report uf alt tfae grosps 

Common points relevant to tbe topic 
rired by tbe teacher. 


5. Discussion of the mechanism 

Mechanism of the reaction shall be discussed lo detail 

involving the pupils using their experiences and explanations 
derived from experiments. 

6. Evalu«mg the pupil's leutning through dhlributiou oC 
a questioimairc Seoring Board. 

Tick mark the correct answr (V) 

1. Potassium iodide solution contains (atoms of 
potassium and iodine/ions) 

2. When solution is diluted number of (atoms/iona) 

increases. 

3. Putlidet which ate auracicd hg rbc calho c 
known as (calions/anlons.) 

4. Process of producing the ions from the salt mo!««le 

in water is known as (electrolysis dissociation/ 
ionization.) , 

5. Particles coming in contact with ^ 

completing of elteniu are converted into (eh.rge 
petticlei/uenlral particle!) , . .c. 

6. Theptodnet of the faction are iJenh6ed m 
(charged form/neutral font..) 

7. Number of negative and po.ili.e particle.. 

„Iution remain (egnal/nneqnal) 

g. Smrch give, the identiheatio. for (iodi.efnioleenle/ 

9 TO/d.op.ofphenop.haleh,ate n.ilUed for iden.i- 
"ation ofCHgdrcide ion./pomt.inn. ...f) 

,0. One of the gart.n. product i» 

(naygeo/hydrogen/lodine.) 


Artlsncnutobeeatrita oat I. the l■he'■">'f 


1. Take solution of potassium 


iodide of dilTerent 
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concentration. Repeat the experiment as above. 
Note the timings for the appearance of the colours 
at anode as well as at cathode. 

2. Repeat the same experiment as above but introduce 
a torch bulb between the circuit and note the inten- 
sity of light in the bulb with all the concetrations 
of potassium iodide. If possible give reasons 
for the observed facts. 

4. Repeat the experiment as above in No, 1 but with 
a different voltage of the battery and find out the 
possible reasons for the observed facts. 

adins assignment 

1. Chapter on lonitaiion (Physical Chemistry by Bahl 
& TuH,) 

2. Chapter on Electrolysis of potassium iodide (Chem* 
Study text.) 

3. Chapter lV-Ele«riciiy and matter (Chemical 
Systems.^ 
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\o. 2 


S. B. Slti(h 
C. N. 

A. K 

SoT*nn« 
LtamlDM I 
[> D 


Subjfct 

Topic ■ Aichlmedrt’ ptlodple 

Time ; 45 minutei 


ObJeeilfM 

( 1 1 The pupil "ill acquire knowledge of facu such 

it a buoyant force directed wticaliy ? 

(b) Th=v.luc of.h« buo,». force dcpcods oo 
the volorne of the body. 

(c) Hcovic, .he u,«.d. S-f" “ 

’ , • .Uf-weicht of the body 

by it. 

(2) ThepopiU.rao» .he.«.nobIe date .» »*e .. 

,„„cconcl».ion (seoeiatoti"") 

' (3, The pupil »1U .l.o„aheeu»..e of obsenra.I.u i» 

taking reading etc. 


232 ] 


rretloat kuowledet 


(1) All bodies iircm to lose wight when immmed in 
liquid. 

(2) The pressure at a point in a Ruid is the same in all 
directions. 

(3) The pressure at the bottom of a liquid column of 
height h=hdg, where d = density of the liquid and 
g:: acceleration due to gravity. 

(4) rorce=Prc5surcx Are.1 
Procfdoie 

The topic will be introduced bv discussing some of 
the common observations mide by students in everv day bfe. 
Then by using demonstration method the teacher will help 
the students to ditco%-er the quabiaiive relationship Ixtween 
the lots of weight of the body and the weight of the liquid 
diiplaced. Quite often the teacher will ask searching 
questions to judge the results of his efforts. The studenli 
Will generalise on the basis of the observations made by them 
(inductive method.) 

Tcaebln: aids 

Two spring balances, one piqsical balance, graduated 
cjlinder, 3 beakers, water, lerosine oil, glycerine, solids 
some heavier and other lighter than water.) 





(2S7-212) B.C. did si 
ered « very important 



(Ho»e>er if the tiudcnit are unable to give a prop 
reply Uie teacher will aik the following question : — 
Keeping llie cylinder still in air what should we do 






. Which is the heaviest liqmd ? Glycerine 

. Which is the lightest liquid ? Kcrosine oil 

. In which liquid the loss of wight i* greatest ? In the case of glycerine 





1 


of the water filled in the bucket ? 


It iJ»e ffI»iIon«Wp betHTcn the weight 
wifrp In ihelmclet And the of the w*t 

diipUcrd by ibe r)lindrf f 



I 


wp'm 

•I If'WTf 




The • pressure depend 



. What doei the product of a (area) and h(hcjght) It denotes the volume of 
• the liquid displaced. 

. So what is the net force on the body ? Ij Jj equal to V dg. 





To Interpret the liata 

To develop ikil) io dratving figures. 



Sp«!fi«i5on* Teaching leamin 



phimulr »hooi fyitcm. 
Thin c<rtyW<rf>ei l«mi 
grtm, forming Ifaf 



Speclfieailon* Teaching learning acii 



the Proccj* obf The teacher «nll ailc the 





I 



Prnlout knoirltdf:* i Roaii Uke minerati in liquid fonnt and not in tolid forms. 
Atdt end cppUantu ! 7 «1J of tlie following ( i ) glass tumblers— >2 

( ii ) Card board piece 4’ X 4* — I 
(iii) Water 


specification of objcctim Teaching Learning Activity Evaluation 



Suggest* a testing mcUiod. Pupil* discu** a nteiliod for teiting 
the liypotiiesii. 


of objcclivrf Teaching; Learning Acti 



A Cose Hisfory for llic Teacfiiog of 
General Science 

Willard J. Jacob ian 

One of our objective in the teaching of general science 
should he to help young people gain some atsrarencss of the 
factors that were involved in the growth of a science and an 
appreciation of «omc of the methods employed by famous 
scientists as they tackled problems that confronted them. 
The study of the relationships between magnetijm and elec* 
tricity and the discovery of how to use magnets to generate 
electricity provides us with an eaeellent case hl«ory in the 
development of science. Of atmost importance, many of 
the critical experimenu carried out by Volta, Oersted, 
Faraday, Henry and others can be replicated In our general 
science classrooms. 

Scientists build on the work of others, and we can 
ijuickly demonstrate some of the unporiant things that were 
known about the reUtionsbip between magnetism when 
Faraday carried out bis critical work. 

Volta had constructed » useful and contlnooi sourw 
of elecuic current-ihe voltaic battery. Volta s battery cons 
Sled ©f discs of line, copper and paper dipped in water ^ 
lrir.r. ' TI-: paper diKi were placed between t-hc ‘ 

topfer discs. This voltaic cell and reficemenU of it pfori 

a source of eleetrle current which Other men used in caper 
emtatkia. 

:!CJ 



Oersted showed that, when a compass needle is placed 
neae a wire and an electric cmrenl from the Voltaic battery 
rent through the wire, the compass needle is defiected at 
right angles to the wire 

Arago demonstrated that a bar of unmagnetized iron 
or steel will be magnetized when placed near a wire carrying 
an electric entrent. 

Ampere showed that if two current bearing wires that 
are free to swing are placed near each other they will be 
either attracted or repelled depending on whether or not 
the currents are dowing in the same direction in the two 
wires. The wires arc hung so that they are about one cent!* 
meter apart at the bottom. One of the ways to mahe electrical 
connections (hat will move easily is to dip the ends of the 
wires in a pool of mercury. 

Starting with this information about the relationships 
between electricity and magnetism, Faraday carried out a 
number of experiments that were to make him famous. 

Since Oented had shown that a magnet placed near a 
wire will turn when a current is sent through a wire, it was 
suggested that if the magnet were really free to move it 
would rotate about the conductor. Conversely, a current 
bearing wire should rotate around a stationary magneu 
Faraday set a magnet upright in a bowl of mercury. One 
end of a copper wire was stuck in a small cork so that it 
would doat in the mercury. The other end was connected 
through a flexible connection to a Voltaic battery. A lead 
from the other pole of the Vottak battery was dipped into 
the mercury. Wher* a current was sent through the 
conductor, the wire revolved continuously around the magnet. 
In this experiment electricity and magnetism were uicd to 
produce motion. In other words Faraday had constructed 
an electric motor. 
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Ampere had shnwa lliaf furn cuffwf bcarroy wim 
■ft cither Attneted or rcptlJet! deperdisj upon the d'lncttm 
tfthe njTTtnl lW*tr and that thli rorte of attraciicm and 
TtpiiJiim wat msgnetle. It vaj aln knotvn that an object 
»«h ai a rubber rod that hat been charged eJectrostaiically 
by tubbing with tome Tnatertal such at wool could induce 
an eJeetei'c charge on *tme other material placed near it. 
IVhap* IT ecff)tn$o aurtnt cculJ Ltduct a current in 
cn ether uire nearby. 

*‘I hive had an iron ring made ftoft iron), iron road 
ard 7/S(ita of an Inch thick, and ring ibt inches in external 
diamntr. Wound many coils of copper round, one half of 
the coils being separated by twine and calicoj there were 
three lengths of ivire, cech about twenty^IcfUT feet looff, and 
(bey could be connected as one length, or used 8> separate 
lengths, Uy trials with a trough each vras insulated from 
the other. Will call this side of the ring A. On the other 
side, but separated by an inicr\-a!, was wound wire in two 
pieces, together aiiiouMtittjj tx' »isty feet in length, the 
diiecfton being «» whh Ibtttvr ft'llt. This sWe call R 

'‘Chain'd a l-attery of ten pairs of plates fbur inches 
ir|tiare. the coll on Bsidc one coil, and connected 

its esl'emhir* « copper mt« passing to a distance, and 
just o\ft' » lUfVSnetic needle (three feet from wire ring), then 
conisccifsl the ends of one of the pieces on A side with battery 
ImmesliAtrlv n sensible efTect on needle. It oscillated and 
settled M hwt In original position. On breaking connection 
of A side 'Well battery, again n disturbance of the needle.” 

It should be pointed out that Faraday had tried 
similar before without obtaining the desired results because 
' V i to get a steady generation of electricity. ’ 

lagnetic needle was deflacted only upon -the'' 



;ing and breaking of the circuit in A. However, Faraday 
succeeded In using current in one wire to induce an 
irical current in a second wire that had no direct electrical 
lection witK the' first wire. 

Oersted had shown that a cumm bearing wire placed 

* a magnet that was free to swing (compass) would cause 
magnet to line up at right angles to the wire. Perhaps 
wognej uere fnoved near a wire, an electric current could 
'roduced in the wire. 

“A cylindrical bar magnet three-quarters of an inch 
iameter, and eight inches and a half in length, had one 
inserted into the end of the helix cylinder (220 feet 
:)!then‘^it was quickly thrust In the whole length, and 
folxanometer needle tnoved; then pulled out, and again 
needle moved, but in opposite direction. This effect was 
ated every time the magnet was put, and therefore a 
e of electricity was so produced from mere approximation 
fnaintU and not from its formation tn tilu." 

It is important to point out that the critical itapor* 
0 of relative motion had not been appreciated. An 
tical current Is generated in the conductor only when the 
net end the coll of wire are moving relative to each other. 

* eaperiment was the precurser of the electrical generator. 
»ght be well to demonstrate the three essentials in the 
^ration of electricity: an electrical conductor, a magnet, 
motion. 

The work of Faraday illustrates a number of impor- 
points with regard to the way that some scieotbis work: 

1- Scientists build on the work of others. Faraday’s 
•™aentation was based on the investigations of such 
’lists as Volta, Oersted, Arag^ and' Ampere. 
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■ v.«taic<l«'>"°™ andpreWtou 

-i-*-''' ' WkMion«"te timath...»y- 

«m. out of the lovnti- 
,, and maguctitoi- Vet, 

He begoohitettpen- 
,ej4 itied again in November 
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iboraiory Gladstone is supposed to have said, "Very 
, Mr. Faraday, but he said what is the use of it ?” There 
wo versions of Faraday’s reply. According to one versioi 
supposed to have said, "What is the use of a newborn 
?" Or, he may have said, •'Some day. Sir, you will be 
to tax it." From the work of Faraday and others, of 
se, has come the entire electrical industry. 

Beftremes 

1. Ames, T}ie Discovery oj Induced Electric Currents, 
Vol. II. 

2. Faraday, Experimental Researches In Electricity. 

3. Kendo, "Michael Faraday” in Idves In Science, a 
Scientific American book. 

4. Wightman, The Growth o/Selenifle Ideas. 



LfSIOO J'l- ''!?• .6 

To;>le : Hard and Soft Water 

Objecthes 

1. After completion of this Icsjon, the student IsettpccieJ 
to discriminate soft, temporary, permanent and 
hard water. 

2. Cite the tunics of the chemicals which causes hard- 
ness in water. 

3. Narrate the methods of lofiening the bard water. 

A, ntpenmentally determine whether the water is soft, 
temporary hard or penrunemly hard. 

Instructional akts : Specimen of various types of 
water, chemicals as sodium carbona'c, test tulwi, litmus, 
sodium bicarbcasce. Calcium chloride. Calcium rslph.xe. 
Conical flaihs. 


Coater.t 


Teacher prnentation 


Student’s acti- 
Ml/ 


•^Introductory »i'jet- 
S^t water & Hard water lions on resources 
cf seater, soluble 
snaolubte impurities. 

•Doctusioo CO pfob- 
|era of cLusi£eatkn eitlffivario-is 
cf wa.*«r arcrrdjsj w»«fcfcl*«‘- 
. ‘ so sarkKS prcpertxr- fcat-c-n. 



rtmpo- 
ary Hard 


:rrporary 

ltd water 

ntaioa 

agnesium 

Icium 

carbonate 


(ii) Pcnna- Demonstration 
nentHard Esrpt. 1 
water. Effect of soap soln, 
on soft and hard 
water. 

1. Permanent Demoostralion 
hard water Expt. 2 
contains Soap soln. test of 
sulphates temp, hard water 
of mg and before and after 
Ca. boiling. 

Demonstration 
Expt 3 


Evaporation of hard 
water to show the 
presence of minerals 


DeuioosInMion 
Expt 4 

Test of solution of 
bi'Carbonate and 
sulphates of Ca. 5; 
Mg. for hardness. 

2. can be ob. Demoosiration 
tained by Expt. 5 
boiling it Removal of penna. 
with wash, nant hardness by 
ing soda adding and boiling 
and borax with soda, borax 
after cool, then cooling and 
ing and decanting the water, 
decanting. 


Observation 
No. of soap 
soln. drops. 


Measuring the 
thickness of 
solu in cms. 


Investigation 
Experiment 
(after evapora- 
tion collecting 
the samples 
left, then de* 
tecting. 


Detecting hard 
ness from the 
collected spec!, 
men (On com- 
parativebasis). 


Testing the 
softness of the 
water produ- 
ced. 
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Assignment* t — ^Test how many other chemicalj can c 
hardness in water. 

— Test the effect of hardness on* cct 
cooled. 

— Reading assignment for pennutite process 
soTtening water. 

Further activities which can be carried out by stud 
thcmKlvei— 

(ij How many drops of soap solution (lux so. 
arc required to produce 1 cm. thickness of si 
in bottle having 5 ems diameter. 

(ii) What would happen in the above expt. If' 
lake 1% solution and 2"'o scap solution in t 
sane bottle. 

(iiij Docs the formation of suds depend upon tic 
of agitation (shaking.) 

(iv) \Vhat is ratio of heights ofsuds in 25 ml 
hard and soft vihen l%lujtsoap solution 
added to both of them. 

Evaluation 
Criteria Test 

( 1 ) Hard water is quite unsuitable for : 

A. drinking 

B. cooking 

C. washing 

D. bathing 

£. agriculture ( < 

(2) Permanent hardness it removed by : 

A. heating the Water 

Q. adding sodium carbonate 

C. sddiag AgNO, foJn. 


258 ] 


D. bubbling CO, through it 

E. adding llm« water 


( ) 


(3) Permanent bardnett i*dtte to tlie pretence of : 

A. calcium tulphate 

B. todiutn lulphaie 

C. ferroui lulphate 

D. zinc sulphate 

E. potassium sulphate ( ) 

{4) The boiler of steam engine it liVelv to burst becautc 
of the accumulation of (if hard water is used). 

A. soot particles 

B. mud 

C. scales 

D. bicarbonate 

E. common salt ( ) 

(3) The water which contains magtveuum chloride is 
not used in dying because it will lead to 

A. prrapitation 

B. wastage of di-cs 

C weakening of fibre 

D, unwanted color 

E. fjading ( ) 

(6) (a) ^Vluch tfihc fcdlowlej will gi\ e perniasrat 
UCier (tudij wsih »<>sp sola. 

A. boiled water 

E, unV>c’.Jed water and why ? ( ) 

(b) WTst d/I a c KC did bol’iug rtile to the water. 

i:3> 



(7) Permanent hardness of water can be removed by : 
A. adding washing soda (sodium carbonate) < 
n. adding some Dorax (sodium pyroborate i 

the sample). 

C, by both w'ays 

D. by none of the above ( 

(8) (I) What cbemicals are likely to be contained in : 

(») Temp, hard wafer? 

(ii) Permanent hard water ? 

(9) Where from do you expect these chemicals to ente: 
into the water on nature. 

(10) What is the effect of evaporation of soft water In 
comparison with the avaporation of hard water. 


Letion No. 7 


M. K Gupta 


Subject : General Science Topic : Hunting (to be conver- 
ted in two periods of 
40 minutes) 

About the lesson 

The teacher is not sure about the sequence in which 
the pupils will learn the content material. The sequence 
depends upon the questions the student ask, or the 
material of learning teacher organises in class. However 
the teacher is clear about the objectives ot teaching this unit. 
He is prepared for teaching the unit in any sequential order 
that may come out of the discussion with pupils. 

ObJectlTes 

(a) Content : Pupils recognises that : 

( i ) buting of candle starts with the burning of 
thread first. 

(ii) wax melts. 

(iii) Molten wax changes into vapour form. 

(iv) wax vapours bum and candle gives light. 

(b) Process objectives : 

( i ] observe the phenomena 
( ii ) formulate hypothesis 

(iii) Design experiments to test the hypothesis 

(iv) draw inferences from results. 
iDitiatiog activity : 

( i ) Tlie teacher places a lighted candle on the table 
and asks this question 
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Q,. Which part of the candle is burning ? 

Q. . Which pars burnt first ? 

( ii ) Distribute the candles in a group of six and 
ask them to lit it by themselves. 

(iii) Repeat the same question (No. 1 ) 

{Every answer would be in the form of 
hypothesis) 

Teacher makes a list of the hypotheses that the pupils 
give and ask them to suggest the method to test each of the 
hypothesis {In case the pupils fail to design the experiment- 
the teacher himself suggests the method.) 

Hypothesis Experiments (Tcsilog of hypothesis) Key points 
The thread A thread is taken by a pupil Thread alone 
bums and is burnt The pupils are burns inune' 

asked to describe the differ- diatelybutin 
ence between the burning of candle it coa- 
candte and burning of thread, tinues to bum. 

The wax burns The teacher gives a piece of It melts but 
wax to a student and asks him docs not burn, 
to burn it 

A student will be asked to 
burn the candleat the bottom 
where the thread is not pro- 
truding. 

Molten Wax Teacher tries to light the Wax docs not 
and thread liquid wax taken in a watch burn, 
together bum glass. 

When mixed. But the cotton thread into Wax burns 
molten wax in watch gloss now. 
and light. 
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CoDcInstoQ 

Thread and molten wax tram together and thread 
when alone, but wax alone docs not. 

Q,. At which part of thread, burning is taking place ? 
Student answers : Upper most part. 

Why ? \Vhy not at otherpart ? 

Here teacher helps the student by performing 
the experiment himself. He put the small gla«s 
lube into mid of flame when candle is burning 
& ask the question. 

Students observe keenly. 

(i) What is coming out of tube vapour of wax ? 
Teacher hums vapours with match and it bums 
at top 

(ii) Whether liquid wax bums— No. 

What happen to the liquid wax before burning — 
Change into vapours. 

Where these vapours are present— At the top of 
thread. 

Why 1 Temperature »$ high. 

Now describe the burning of candle from the very 
beginning. Statement by the teacher— in the last. 

Importance of leen observation, framing of 
hypothesis, designing expt. to test aud drawing 
inferences. 

Assigoment 

Devise expt, about burning of coconut oil in house. 
You may take help of cottoa wick if required. 

References — (!) Chemistry an experimental Science-Chem 
Study 1st Chapter. / 

(2) Faradays Lecture aln^.candle. 


Appendix A 


PcJaqogirdf InffHnfc in ij.s.s.n. 


A.N. Bose 
Ra] Madhar Rao 
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Great attention is paid to the problem of training 
teaching personal. Therefore a net work of Pedagogical 
Institute all over the country is responsible for a steady 
growth of educational standard in the country. One special 
feature in USSR is that same amount of importance is given 
for the training of elementary school teachers as given for 
training secondary school teachers and all pedagogical 
institutes have training facilities for both types of teachers. 
The system of teacher training has undergone changes and 
has been kept as a dynamic programme. More thought is 
given to problems such as methods and organisation of 
education, improvement of service and standards of teachers, 
devising new teaching aids and publication of useful 
literature for teachers at all levels. There are nearly two 
hundred pedagogical Institutes in USSR. The Lenin 
Pedagogical Institute at Mascow is one of the biggest 
tc.'icher training centres in USSR. All these Pedagogical 
Institutes train teachers both in humanities and in Ktence. 
Some Institutes like Lenin Pedagogical Institute in Moscow 
and Hertsen Institute at Leningrad arc statutory bodies 
with the right to confer their own diplomas. In USSR 
secondary school tcaclicrs are trained both at the 
Pedagogical Institutes and in the Universities, of course the 
Universities train only a few teachers compared to millions 
'f. teachers trained in Pedagogical Institutes. Each 
-.gogical Institute is headed by a Rector. 



itails recardiog Lcoin’s Pedagogical Inslitute at >foscotf 

This Inslitute has many faculties and these faculties 
e working in different buildings which are in different 
irts of the city. The Institute has facilities for training 
achers for elementary and secondary school in all subject 
reas, including defectology. The Lenin Institute is a 
atutory body with the right to award diplomas. Students 
ho have passed ten years of schooling arc eligible to seek 
Emission to this Institute for a four year or five years 
rogramme. The pupils seeking admission to this Institute 
lUSt take an entrance examination. Competency in the 
mguage is considered as a vital factor in selecting a 
tudentfor teacher training. If a student has secured a 
ery high i ercentage of marks in his final high school 
xamination he may be e.xempted in the entrance examina* 
ion in that particular subject in which he has secured 
istinction. The Institute has facilities for teaching many 
breign languages like English, Trench, German and Spanish, 
fraining is given both in humanities and in science in this 
nstitute There is also provision to give higher education 
o elementary school teachers in die Institute. The 
Institute does not offer any special courses in physical 
tducation. 

The students who mi^oT wish one subject generally 
have a course of four years duration. In some faculties 
opportunities are afforded to specialise in two subjects like 
physics and mathematics or diemislry and biology, in order 
to meet the needs of tcaclicrs in rural areas. In such 
schools there may not be adequate number of working 
hours for a single subject teacher. lu such cases the course 
will be of five years duration. kVhen these teachers with 
tuo subjects work in a school the total working load will be 
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the same aj that of tingle tubject teachers. In the course 
of two majors the depth of content matter in each major 
area is less than what it is in one major subject coorse. 

The theoretical piogramme in a Pedagogical Institute 
consists of the following : 

(1) Social and economic subjects — 11-15% ofthetoial 
programme. 

(2) Pedagogical subjects, like pedagogies, history of 
pedagogy. Psychology, school hygiene and various 
methods constitute 11^ to 15% of the total 
programme. 

{3) Special subjects in the fields of major and minor 
constitute 70% of the total programme. 

Soviet Pedagogy is taught in the second year and 
history of education in the third >car. Soviet Pedagogy 
includes mental education, moral education, labour and 
polytechnical education, aesthetic education and physical 
education. Much attention Is paid to the study of the 
major subject and practice teaching in the third and fourth 
years Fourth year is mostly devoted to consolidation of 
subject matter and practice teaching. Many of the faculties 
in these Pedagogical Institutes ofler courses of applicatioo 
of scientific knowledge in the national economy. 

Some of the important features of the academic 
programme of the Institutes are t (I) The curriculum in 
methods of teaching is eery closely corelated to the 
secondary school curriculum (2) The major emphasis in 
the programme Is on the ^tedality. (3) The methods of 
teaching science for example is on a liigh degree of 
practical bias. It deals with the high school curriculum 
^ trains the students in such a way as in a real class 


jm situation. There are tpccUlly designed methods 
loratories where the student teacher can do school 
iionstration expwriracnt and also other useful and 
cresting experiments which are quite essential in the 
■chtng of other science topics. (4) In the faculty of 
embtry for example there are two sections one for content 
:a and another for methods of teaching chemistry. The 
tthodology of chemiilry by itself is pedagogy. 

Each pedagogical Institute has a number of 
perimental schools attached, where new programmes, new 
periments and new teachirtg techniques can be tried by 
e stair of the Pedagogical Institute. 

:acb.‘r Ed'jcatian Pragraaaines la Pedagogical lasiitutes 

Since the demand for trained teachers is very great, 

I the resources of the pedagogical lostilutes are fully 
.Uised in various ways to prepare as many trained 
achers as possible, iVith this end tu view many of the 
tdagogical Institutes in USSR Itave three kinds of teacher 
aining programmes. 

(a) Day course for regular students, (b) Night 
aisesfor those who are already teaching in school m 
classes but who have no higher education, (c) 
orrespondence course for those who arc working but not in 
position to attend the night classes for reasons of 
istance etc. 

i) Day lime courses (or regalar slvdeols 

The course Is of four years duration if the student 
rachers are majoring in one subject and it u of Gve years 
uration if two subjects arc chosen as majors. 

'racliee Teiebtoe 

In the teacher Uaining programme greatest emphasis 
(267 


is paid on acquiring mastery in the major subject and 
one practice teaching. Thcduration of practice teaching varies 
from one Institute to another in USSR- Generally the period 
can be taken as eight to twenty weeks. The student teachen 
are first exposed to tl»c pedagogical experiences during the 
summer vacation after the first year in pioneer camps. In 
these camps the student teachers have an opportunity to 
obseiAC how the co-curricular activities are organ sed, uder- 
stand the psychology of children, mingle with them and 
guide them in their activities so that they acquire ail the 
traits of a future teacher. In the second j-car the students 
have what is known as passive practice They go to good 
school, assist the senior teachers in their laboratory work 
and demonstration work and observe the teaching techniques 
used by the senior teachers The passive praaicc is 
continued in the third year also. The student teachers 
are taken to as many good schools as possible aod 
given ample opportunities to benefit from the rich experiences 
of seasoned teachers. In USSR doe recognition Is given lo 
good teachers and the student teachers arc always given 
guidance by these teachers. The active practice teaching 
commences in the fourth year. This programme of active 
practice teaching is completely planned, supervised and evalua- 
ted by the methods faculty of content subject such as physics, 
chemistry etc. They are folly incharge of practice teaching. 
The general education department memben occasionally 
accompany the methods faculty members and render assistance 
when required. In selecting the schools great care is taken 
to sec that all the conditions are quite congenial for a 
student teacher to do active practice teaching. Ilb indivi- 
dual abilities and demerits are taken note of in planning 
his programme, The student teachers work under the 
guidance of senior teachers tsf good schools. The director 
of the school also gives valuable guidance to the student 
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teachers. For this extra work of guiding the pupil teachers 
the director of the school as well as his staff arc paid extra 
remuneration. The senior teacher helps the student teacher 
in the prepartion of various kind of teaching aid including 
audio-visual and also help the slow learners in the school 
during the spare time. The pupil teachers arc also expected 
to do social work. Pedagogical practice is given great impor- 
tance both by the Institute and the student teachers The 
supervision and evaluation of the lessons given by the student 
teachers is done mostly by the director and faculty members 
of the school where the student teacher is doing practice 
teaching. Members from the methodology faculty of the 
pedagogical institutes also supervise and evaluate the lessons 
as many times as possible. 

(b) ETcoing or Night Classes 

The programme of four years is extended to five years 
in the night class course and the subject matter is condensed. 
These classes are mainly meant to give facilities to those 
teachers who are wotking as teachers already without higher 
education. In the night classes also a variety of subjects 
oiTered in the (raining programme The physical 
education and defectology are not included in these prog- 
rammes Foreign languages like English, French and German 
are included in this programme. Even experimental science 
subjects such as Chemistry arc in the night class programme. 

Tl;e students of the correspondance courses are allowed 
to attend the night classes or the day time classes according 
to their individual convenience. The number of hours for 
this programme is sixteen hours per week. In general the 
faculty members of the night class constitute a separate 
'“lily from ihe day time faculty. A very Urge number of 
teachers attend these courses and acquire higher education. 
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Details Regarding the Ph/sleal Science Programmes In 
Teacher Education 

Mote detail regarding the curriculum, duration and 
techniquej adopted r.re fumithed with particular reference 
10 lUe individual piogtaminet in physical science for a 
comparative study between the programme in the Regional 
Colleges and in USSR. 

AlaibrinaUcs 

MaUtematics Faculty is one of the biggest in the 
pedagogical Institutes in USSR, e. g the Lenin Institute 
at Moscow, has 700 students in the day department and 
300 in the evening section specialising in mathematics. There 
arc three types of courses in the Mathematics Faculty. 

(a) Preparation of Secondary School teachers in 
Mathematics-four year course. 

(b) Preparation of mathematics teacher and prog* 
ramme instructors for cornputors-bve yean 
course, 

(c) Preparation of mathematics teacher with special 
training in foreign languages such as German. 
English and French-five yean course. 

In the evening deparlmcm only the first course ts 
given ivhici] is of five year’s duration. 

The patters of curriculom is as follows 

The general disciplines arc same as for all the counes 
which has already been discussed. 

Content in Mathematics 

(1) Analytical geometry, (2) Mathematical analysis 
(3) Higher algebra. Tlicsc arc taught for first two and a 
half years which comes to about 450 hours. (4) Theory of 


functions and complMCs, (5) Higher Geometry differential, 
practical and foundation geometry, (6) Theory of mimbeis- 
tbeoretical arithmetic and elementary mathematics. All 
these courses arc covered in four years. Besides these, there 
are some optional courses for specialisation. 

Methods of tcachlog Matbematlcs 

This is taught during the 3td and 4th year in order 
to acquaint the students with diflcrent methods of teaching. 
This i« takeri up by the chair of mathematics methodology. 

Besides all these, there are other intermediate 
subj.eta such as maihematical physics, astronomy, theoretical 
nvethanlcs and mathematic practical. Elementary course 
of physical culture and foreign language is common for all. 
A total numbcT of 1 400 hours ate devoted to these topics. 

Practice teaching is on the same lines at indicated 
tarlier in the general pattern of the teacher training prog* 
ramitte, The day time students go for practice tcathtnj in 
*he third and foutth year where as the evening course 
students go for practice teaching in the fourth and fifth year 
since their course is of five years duration. 

Apart from practice leaching the student teachers in 
mathematics undergo a spccbl course of 1 50 hours working 
With calculating machines and electronic computers. This 
M one of the unique features worthy of emubtion by the 
®aiheinaticj faculty of all pedagogical imtituies in India. 

Mafheaatics Laboratory work _ 

Mathematics Is taught not merely as a tbcoretliaJ 
science but as an experlraertta] one also. There are diScrent 
trpes cf laboratory work in the field of maibetnatics. In 


the electronic comimtor lafiorslory, the jtudert icacherj are 
given training of preparing prosT.immcd miierialr, feeding 
the programme irjio ilic eomputor machine, aoalyiing the 
results and clrasving inretcnccs. They arc also acquainted 
with the mechanism of the computer machine though there 
are especially trained technicians for maintaining the 
eomputor. The students also work svith different types of 
calculating machines and acquire m.nstcry Another special 
feature in regard to practical work is that the students do a 
number of experiments in mechanics, electricity, magnetism, 
Spectroscopy etc. in the physics laboratories and each mathe- 
matics faculty has scvtral well equipped physics laboratories 
also. Another special point to note is that all these experi- 
ments in physics arc related to applied mathematics 

In mathematics faculty there are number of chairs m 
branches like mathematical analysis, theory of number, 
mathematical physics, algebra, geometry, and methods of 
teaching mathematics. 

The hfathematics laboratories have all the facili- 
ties for post graduate research work and many aspirants 
work for the degree 

Cfaeoiislry 

Generally the chemitry programme is of two types . 
(a) Course of four >ear> duration & (b) course of five years 
duration. Tour year course is for majoring only in chemistry 
and the other course has two major subjects like biology and 
chemistry or chemistry and foreign language. The scope of 
the syllabus is more or less the same in these courses but 
the depth of the subject matter in chemistry differs. 

The faculty of chemistry in general offers facilities for 
specialisation in physical chemistry, organic chemntry, 

nic chemistry, analytical chembtry, industrial chemistry 



ud method, of leaching eheminry. Accordingly there ate 
nomber of chair, in the 'chaiiary iacnliy of the pedagogical 
Bit, tote. The genera! ed„e.lio„ programme i. the .ame 
■TOpectiveofthe major rabject, which ha, already been 
»ei.>.ed. The chemi.tr/programme in particular i. a. 
follows : 


Higher Mathematics 
Physic’s" ' 


Inorganic chemistry. 


Mineralogy crystal 


1st Year 

— 148 Hri. 

“ *62 „ (50% practical and 

50% Iccuters). 

— 340 „ (100 1ec.+ 240 

practical) 

— 54 „ (18 1CC. + 36 

practical) 


Itod Year 


Higher Mathematics 
Physics 

^lytical chemistry 
Organic chemistry 


— 36 Hn. 

— 133 „ (50%Jec.+and 

50% practical) 

— 340 „ (36 1ec.+304 

practical) 

— 180 „ (lOOlece-r-feO 


safrty measurraents — 20 


practical) 

•, (10 lec. -h 10 practical 


%»lcaI,Ch(^_jf^ 

Organic Synthesis 
°>«mical technology 

^‘’lyaers 

Ap^ullur^Biochcmistry 


Illrd Year 

— 320 Ifa. .{100 lcc.-f-120 

practical) 

— „ (practleals Only) 

— 66 „ {44ICC.+22 

practicals) 

— 45 lectures ' 

— 20 lectum 
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Methods of teaching 
Chemistry 


— 140 Hrs. (I501ec. + 9a 
— - practical) 


Colloid Chemistry 

Inorganic synthesis 
Chemical technology 

Special Course 
Special Practical 
Agricultural biochemistry 


IVth year 

— 80 Hrs. (40 Icc.+40 

practical) 

— 80 „ practicals 

— 114 „ (26ICC.+ 88 

practicals) 

— 50 ,, Practical 

— 150 „ do 

— 20 lectures. 


Special practicals are research oriented. The student 
can make use of this research for this diploma or later on 
for the candidate’s degree. 

The methods practical Is comineneed in the second 
term of the third year and finished in the fourth year. A 
total of 120 hours (50 Hrs. lectures+70 hrs. of Laboratory 
work) are devoted for this. 

If the course is five years duration, in the fifth jear 
the work in the specialued field Is coniioocd. 

Another special feature is that the student teachers 
are given practical training in chemical plants. For example 
after first year the students work for Cfieen days, after ih® 
second year for three weeks and after the fourtJi year for four 
weeks in clsemical factories. 


Laboratories 

The CiUoy/iag are the laboratories attached 
efcemiitry ficnltles of the pedagc^kal iMtitutes. (a) Phys^-»l 
Cberslnry (b) Organic Chemistry (c) Analytical 



(d) Colloid Chemistry (e) Inorganic Chemistry and (I 
methods of teaching chemistry. All these laboratories £ 
equipped with instruments like electron microscope, polai 
graphs, different types of spectroscopes etc. 

Five Year course for the Preparation of Biology 
and Chemistry Teachers 

A special reference is being made for this course 
which teachers of Inology and chemistry are prepare 
This is of five years duration. The courses in inorgan 
general and analytical chemistry are the same as in the fo 
year programme. 60% of the course is for biology at 
40% is for chemistry. In rural schools the work load 
a single subject will not be quite adequate and these t\ 
subjects teachers are prepared mainly for such rural school: 

Tbysics 

Generally the Pliysics leachen’ training programme 
of four years duration. Dut there are tome institutes 
USSR tvhere they have five years course and they tra 
teachers of Physics and Mathematics or Fhysicit eachers 
teach it in English or Gennao medium. The syllabus 
general is the same but in the case of five )-ears coune 
Physics teachers in Engibb or German the depth of the conte 
matter in Physics is higher than in the four year course. 

The demand for well trained ph)’sics teachers is gre 
in USSR as in other countries. Only meritorious scudei 
witlt distinction in Secondary Schools are generally allow 
to appear in the entrance examination. The Lenin ins 
tutc of Pedagogy (pb)-sica), Moscow, holds a prepatc 
coarse for about six tnoa'hs and trains candidata for t 
preparatory examinations. The pupils pay a ree'of’20Tubl 
and they are trained in Physics, Mathematics, GhemlsU 

f: 


Kusslan Literature and In roreigo lanjuagej. The entrance 
Examinationj are held in there tubjeco only and mostly 
they arc oral type. The selection committee consists of 
subject specialists and while selecting the candidates they 
look in to their performance in the examination, interview 
result as well as their medical fitness. 


In the Physics teacher's training programme they have 
given very great importance to the study of higher mathe- 
matics which covers about 650 hrs. They teach 
analytical geometry, mathematical analysts and mathematical 
physics which scrs-c as the foundation to their study of 
higher physics later on. The pattern of pedagogy and general 
education is nearly the same as mentioned earlier but there 
is some difierence in the allotment of time etc. The pro- 
gramme of Lenin Institute is given below : 


No. Subject. 


I Year 

]. History of Communist 
party. 

2. Audio Visual Aids 

3. Foreign Language 
,4. Physical Education 

5. Analytical Geometry 

6. Mathematical Analysis 

7. General Physics 

8. Workshop Practice 

9. Lab. Safety measurements 

II Year 

1. Philosophy 


Periods - — Lab/ 

Total Lewres 


120 50 70 

40 10 30 

183 '_L 183 

.70 70 

lip .60 .50 

.300 160 140 . , 

160 60 .60-f40 

.70 70 

24 12 12 


120 50 70 




2. Psychology 72 

3. Pedagogy 40 

4. Foreign Language 57 

5. Physical Education 70 

6. Mathonatical Ana'iym IJO 

7. Mathematical Physics 90 

8 . General Ph^ics 350 

9. nieoreiical MecfiaAics 108 

10. Workshop Practice 80 

III Year 

!• Political Economy 80 

2. Pedagogy 40 

3. School Hygiene 80 

4. Iyf<thodi of teaching 

Physics. 1 70 

3. General Physics 190 

6. Theoretical Physics 1 60 

7’ Astronomy |10 

8. ‘Electrot'echnles 110 

9. lUdio Technics 130 

10. Microscope EIectrodyna> 

»i« & relativity theory. 96 

11- Ojiantum Mechanics 90 

12. PraclicaUsOrlsinTech'ni- 

cal models. 36 

IV Ye"ar 

1. 'Fouridation 'Sf Scichnfic 

Commuiiisbi 70 

2- ■'rtlstory of Peliigogy feO 

2- Theoretical Physics 170 

4- Priacipil of nuclear 

Physics. 24 

3. PractiMlVotk in Tiihm. 

eal models. 1 4 


54 18 

20 15+4 

— 57 

_ 70 

80 70 

54 26 

120 1204.110 

54 54 

— 60 


30 57 

20 15f5 

80 ~ 

40 90 4-40 
60 60 4-70 

no so 

70 40 

40 60 

40 90 

60 36 

60 30 

4 32 
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6. Special Coune 

7. Thermodynamics and Sta- 

104 

36 

68 

tistical Physics. 

90 

60 

30 

8. Electron Theory. 

50 

40 

10 


As rnenttoned in jhe Chemistry the Physics teacher 
arc also given some specialisation lilce solid State Physic: 
X-Ray structural analysis. Physics of Polymers, Mofecula 
Spectroscopy, Magnetic Hydrodynamics, Physical optics, quan 
turn Radio Physics, High Prcquency Physics, Physics o: 
Semiconductors Automatics and Tcle-communication and In 
Methods of teaching physics. In addition to this they hive 
some special practical %vork like (1 ) Mechanical properties of 
solid state (ii) Physics of Polymers (iii) X-Ray itnictural 
analysis (ivj .Nfofecufar Spcctroseope (v) Radio Phfflci 
and (vi) Practical wotk in Methods of leaching and techni- 
quea of School experiments. Student is allowed tocbaoie 
any one special course and one special practical work. 

The praetice teaching is mostly guided and tuperviied 
Iry the chair of Methods teaching Physics. The student* 
hsve ddTcreot types ot uainiog. first of all they work in 
the Piottwf camps t*r about four weeks and guide l'*® 
xhOjl ebikiren and daring il.e VI terra they have 7 
weeks praco'ec tejj:hioi la SkhnoU w.here titey fun'll* Jowtr 
cUssrs frosa VI to VHI smd Uitl/ they luve 13 weeks 
^‘ractlcc teaching duringihe VII term where tl*ey teach higher 
st-Lsdardi. The practice leachiaj is SjjpervueJ 
cLing stiff of the ifethols cluir and Kh«d teacLen. Tfce 
tuchisf staff cfih* feslagogy occuinsuU/ e/ws* afjl g>r* 
their teip. 
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subjects like Russian language, foreign languages and i 
matics the students are tested by wiiten tests often In ad 
to being aarained orally. In subjects like Cbejnistry, j 
etc, more vt'cightage is given to oral examinations. 

■Hie assessment of the knowledge of the pupils 
continuously through out the year during the peric 
instruction by allocating a definite portion of time 
instruction hour for evaluation of pupil*. This sy«® 
the advantage of making the student being alert al 
IVhcther it is oral examination or written examit 
marking is always done on a five point scale. If the ar 
are excellent five marks are awarded. If they 
good /bur marks are awarded. If they are satisfj 
and if the students can be improved upon three t 
are awarded. If the students show complete lack of! 
ledge he is judged bad and given two marks and one Is r 
given. Students who score less than three are deem 
hate failed. The percentage of students failing is neslji 
Since all attempts are made to watch the progress c 
student well rendering all assistance and see that he impi 

The following are the methods adopted In day to 
work for esaluating the knowledge acquired by pt 
During the time allocated, student u asked to come to 
table, giten tome task like explaining the answer to a que 
rdated to the previous lesson,, or demonstrate a partie 
experiment. During this time the pupils are allowed to 
suppIesEeciajy questions and discuss the answers, 
rudent is graded and given marks for this task fulSUr 
accerdu^ to his aldlily. Dy this method in tlse time all 
for evaluatioTi in etch period, four lo five students ca> 
The teacher tan j»tk up any student wit! 
ptrvious islimatioQ and this makes all the students al> 
aJet. This is crx cseshod r./ e.heelicg up the indivii 


IncnN’ledge. It is felt by the eductionist that the follow- 
ing arc the draw-backs in this method: (I) when a 
student b explaining the answer it is difRcult to make all 
the pupils listen to his answer and keep them actively interes- 
ted in the lesson, (2) if the student chosen forevaluation 
happens to be a weak and dull student, his answers will be 
un interesting to every one and also will be wasting of other’s 


Many progressive teachers feel that it is better to 
minimise the time for checking up the individual knowledge 
and detotc more time to check up the total learning. A few 
questicffis are put to the entire class by the teacher. There 
vitl be response by way of raidng hands and those who do 
not know the answer are easily spotted out. The teacher 
ean give the chance to answer to any pupil according to his 
discretion. The teacher can have certain students m mind 
during the process of questioning and even grade him. In 
this method it is diOieult to test the knowledge but it is 
®»sy to keep all the studenu active This system is 
becoming more popular. 

The third method adopted is called the combined 
method of questioning. A few students (three to four) arc 
atV.ed to work out some problems on the different portions 
of the black board assigned to him. A few students are 
supplied .with question - cards and asked to prepare the 
answen. A few others arc called by the teacher and orally 
examined. Draw-backs of this method are { I ) there is 
scope for malpractice. When the teacher is busy orally 
examining some students, the other studenu can help each 
other in working out the problems and it will be difEculi 
to know whether the student is independently capable of 
tackling the problem. (2) It creates indiscipline because a 
student who £sbhes hb assgnmcnt earlier ' will be idle and 



an idle mmd Ii «voric thin n dcvilj worlihop. (3) 0« 
ttudcnt will not know what the other student is deinj “d 
the sense of a class as a unit is comcimisly absent Dot the 
method enable the evaluation of number of srudeats at a 
time* 


In all the aboiT methods of evaluation the srudenu 
arc informed of i5»e grading of the marks imaedlatelf » 
that they can know their strength and weakness. 

Day sheets are maintained tn a regUter where the detaih 
in regard to the performance of students with parti'caUr 
jefererKe to topics and the qncstion are recorded. The 
day register has the following column. 

Date Name of Sludent Marks Title of the Home Rcmatb 
Lesson t: task, 

nature of 
Question. 

This table also gKes information as to which student w»* 
nbseni on a particular day end svfaat. lesson he Bussed. 
The director of the school looks into this register novr and 
then and gives his own comments. 

Tosvards the end of each quarter, the marks are con* 
solidatcd for aiodents. Above eighth grade there arc only 
two terms, for others three, la the final evaluation the 
teachers judgement b of supreme importance. The final 
marks may be the average of ■ the various marks or it 
be the marks obtained in the last stage of the term. 

The modern trend b to have in addition to the above 
mentibned methods, more objective type teats. Test for 
mental ability accepted in Soviet pedagogy 8“d 

there is no pV ' achievement t®** 

papers '' ' ' •> U is aH® 
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t/. u.hx th«! queitioa orally, or ia ^Tnt^Tt 3 or on the b 
ymA clcperding upon the mtarc of the questions 
tt.jntniuUm has got powers to pat alternate qu«tio« 
s-isefoll scope JO the student. The main principle be 
this systan is to try to find out that the student knows 
not try to find out what he does not know. There w 
both oral and written examinations for subjects like Ru 
nrd foreign languages and maihemaiics. These qu* 
papen include topics of the previous classes also.^^ 
question paper in composition resembles the pattern la < 
Such papers are gKen to the students only at the ns 
examination and strict secrecy is maintained regar mS 
question papers. Due sveighiagc is given to the class i 
and in the final diploma the total of the maiks srq 
duting the course and the state examination is entered, 
importance is attached to the opinion of the subject 
who will ha« a intimate knowledge of the students, 
is possible because of ihe compactness of the ea 
stiengtb of which does not exceed ihlriy 6«. 

E\«8lattioo la Ped*c©glc*l iBSilteiloes 

EUy-ra-dsy evalaarion « in sdiools is not prestl 
yedspagical insrittnea. The academic yeat 
twss terns and theec wall he terminal rxasnina^* 
OTW-;," 'Vsts the mdems are tauimined 
(Rbers only in « yrar. 

’ emiowi Vy a 'Spcrisl hoard nw 

' comics of •pT{\frs%(ir*, of t-be 
The prailinp; is <lnne on a fi'f 
•kWI Wk rvaminatios c 
, -I Imitmte. 





